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ACID AND BASE BINDING CAPACITIES AND VISCOSITY RELATIONS 
IN CERTAIN WHITEWARE CLAYS* 


By Epwarp C. Henry! anp NgeLson W. Taylor 


ABSTRACT 


In studying the relationships between the chemical and the physical behavior of clay 
slips, correlations otherwise obscured are brought out if the clay is first carefully puri- 
fied. Electrodialysis seems to be an effective method of removing interfering ad- 
sorbed electrolyte from clay in preparing it for such investigations. 

Electrodialyzed samples of several whiteware clays in wide use in the ceramic in- 
dustry were found to behave chemically as weak acids and bases. The amount of Na- 
OH necessary to neutralize the “acids” coincided with the smallest amount sufficient 
to produce the minimum viscosity in suspensions of these clays. 

The pu of exchange neutrality of each clay agreed closely with a maximum in its 
pu-viscosity curve. At this point, the addition either of HCl or NaOH reduced the 
viscosity, although not equally. As further amounts of NaOH were added, two ef- 
fects were recognized. Some clays continued to become more fluid until complete 
deflocculation, while other clays passed first through a range of concentration in which 
NaOH caused increasing viscosity. Changes in viscosity were observed also in suspen- 


sions with increasing concentrations of HCI. 


1. Introduction 


The object of the investigation was to discover 
possible correlations between the chemical prop- 
erties of ceramic clays and their flow behavior 
in thin slips. This involved (1) the determination, 
by titration curves, of the ultimate py, py of ex- 
change neutrality, and cation or base exchange 
capacity of each clay and (2) a study of the effect 
of py on the apparent viscosity of clay slips 
having a fixed clay-liquid ratio. 

The clays investigated were selected because of 
their long use in whiteware and allied branches 
of the ceramic industry and their wide variation 
in plasticity, or working properties. They were 
(1) North Carolina kaolin, Harris Clay Co., 
Spruce Pine, N. C.; (2) Georgia kaolin (Cherokee 
clay), R. T. Vanderbilt Co., New York, N. Y.; 
(3) Florida clay (E. P. K.), Edgar Bros. Co., 
Metuchen, N. J.; (4) Tennessee ball clay No. 7, 
Kentucky-Tennessee Clay Co., Mayfield, Ky.; 
and (5) Kentucky ball clay No. 4 (Old Mine), 
Kentucky-Tennessee Clay Co., Mayfield, Ky. 


ll. The Colloidal Nature of Clays 


Soil chemists in recent years have shed much 
light on the chemical nature of the colloidal frac- 
tion of soils. Nearly all of this information is 


* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 23, 
1937 (White Wares Division). Received January 20, 
1938. 

+t Prepared from material in a thesis submitted in 
partial fulfillment of the requirements for the degree 
of Doctor of Philosophy, the Pennsylvania State College, 
1936. 


A theory for these effects is presented. 


directly applicable to the study of the behavior of 
ceramic clays. These, although frequently con- 
taining but a small amount of material of small 
enough dimensions to be classed strictly as col- 
loidal, exhibit in varying degrees many properties 
possessed by true colloids. Thus, clays show ad- 
sorption, flocculation and deflocculation, gel for- 
mation, and swelling under the influence of dilute 
electrolyte solutions; and individual clay particles 
in aqueous suspension assume a charge and mi- 
grate toward an electrode when subjected to the 
influence of a direct current. 

Adsorption seems to be primarily a surface 
phenomenon, although at the same time it may be 
thought of as a chemical process. Originally be- 
lieved to be solely a property of the colloidal por- 
tion of the clay, adsorption is now recognized as a 
function both of the amount of surface and the 
surface activity. As Meyer' pointed out, a clay 
composed of larger particles with very active sur- 
face might show this adsorptive power to a greater 
extent than a clay of smaller particles (and con- 
sequently greater surface area) having a less active 
surface. 

The activity of the surface depends partly on 
its chemical composition. Mattson* found that 
the adsorption and exchange of cations at py 7 


1W. W. Meyer, “Colloidal Nature and Related Proper- 
ties of Clays,’’ Jour. Research Nat. Bur. Stand., 13 [2] 
ieee) (1934); R. P. 706; Ceram. Abs., 13 [11] 302 
1934). 

2S. E. Mattson, “Laws of Soil Colloid Behavior: 
V, Ion Adsorption and Exchange,”’ Sod Sci., 31 [4] 313 
(1931); Ceram. Abs., 10 [8] 600 (1931). 
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by soil colloids in the same state of aggregation 
inereases with increasing ratio of the acidoid to 
ampholytoid constituents of the colloid. “‘Acid- 
oid” is a name applied to a colloid which reacts 
as an acid, such as colloidal silicic acid. Colloidal 
aluminum and ferric hydroxides are examples of 
“ampholytoids,” colloids which can act either as 
acid or base depending on the environment. 

It was originally thought that the clay fraction 
of soils, and also the material responsible for the 
plasticity of clays, was a single mineral, kaolinite. 
This belief was displaced by the hypothesis that 
the clay and soil particles of colloidal size were in 
the form of an amorphous complex, the composi- 
tion of which could include any ratio of R2O/SiO:. 

Recent X-ray studies, including those of Bray, 
Grim, and Kerr,’ have shown crystallinity to ex- 
tend far into the so-called colloidal range of par- 
ticle sizes. A number of distinct kaolin and clay 
minerals have been identified such as nacrite, 
dickite, montmorillonite, beidellite, nontronite, 
and halloysite. 

The more recent conception, as stated by Robin- 
son,‘ is that the clay complex consists of a few 
minerals of definite crystal structure with which, 
in certain cases, free hydrated sesquioxides may 
be associated. Consequently, the adsorption or 
base-exchange capacity of a clay (called ‘‘satura- 
tion capacity” by Baver® and ‘capacity to bind 
bases” by Mattson *) may be a complex function 
of its surface area, chemical composition, and 
mineral constitution. 


Il. Electrodialysis 


It has been recognized for many years that clays 
as mined are partly saturated with adsorbed ions 
whose presence has undoubtedly obscured the 
relationships sought in the numerous studies of 
the effect of electrolytes on the structure of ce- 
ramic clays. 

The removal of these impurities, leaving the 
clay saturated with hydrogen and hydroxy] ions 


*R. H. Bray, R. E. Grim, and P. F. Kerr, ‘‘Application 
of Clay Mineral Technique to Illinois Clay and Shale,” 
Bull. Geol. Soc. Amer., 46, 1909-26 (1935); Ceram. Abs., 
15 [5] 163 (1936). 

*G. W. Robinson, Soils, Their Origin, Constitution 
and Classification. D. Van Nostrand Co., London and 
New York, 1932; Ceram. Abs., 12 [2] 79 (1933). 

5L. D. Baver, “Effect of the Amount and Nature of 
Exchangeable Cations on the Structure of a Colloidal Clay,” 
(1928) of Mo. Agric. Expt. Sta. Research Bull., No. 129 

1 

E. Mattson, “Neutral Salt Reaction in Relation to 
the Point of Exchange Neutrality, the Saturation, and the 
Combining Capacity of a Soil,” Lantbruks-Hégskol. 
Ann. |Uppsala], 2, 135-57 (1935). 
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only, is accomplished, among other ways, in a 
three-compartment electrodialysis cell of the 
Mattson’ type. Clay suspended in water is 
placed between two membranes, the pores of 
which are permeable to electrolytes but not to 
particles of colloidal size or larger. A direct cur- 
rent is applied, the electrodes being on opposite 
sides of the membranes from the clay. Soluble 
anions in the clay are attracted through the mem- 
brane to the positive electrode; the cations are 
pulled to the negative electrode compartment. 
The anions, usually sulfate, phosphate, or chloride, 
are replaced on the clay by OH ions; the mono- 
valent and divalent cations are replaced by hydro- 
gen from the water. In general, the number of 
cations displaced from the clay is far greater than 
the number of anions, which shows that in nature 
clay usually behaves as an anion or negative ion of 
a weak acid. 


IV. Clays as “Colloidal Electrolytes” 

Inasmuch as the exchangeable ions seem to be 
held to the clay particle by a kind of chemical 
bond, reactions involving base exchange and other 
considerations of the chemical activity of clays 
may be handled conveniently by treating the clay 
as though it were electrolytic in nature. Matt- 
son® has recently emphasized the fact that the 
difference between colloidal acids, bases, and salts 
and ordinary electrolytes is primarily a difference 
in degree, not in kind. For purposes of calcula- 
tion, explanation, and the development of theories, 
one can apply the mass-action concepts of solu- 
bility products and dissociation constants and 
generally describe the chemical behavior of clays 
in terms commonly used to describe that of ordi- 
nary weak electrolytes. 


(1) Ultimate pu 

Electrodialyzed clay, having only H and OH 
ions adsorbed, may be expressed as H-clay-OH. 
From this complex, in aqueous suspension, H and 
OH ions may be thought of as dissociating until 
an equilibrium is reached. The hydrogen-ion 
concentration of this suspension is known as the 
“ultimate py.”’ A clay with low ultimate py is 
therefore one with a strong tendency to ionize as 
an acid. 

7S. E. Mattson, “Electrodialysis of Colloidal Soil 
Material and Exchangeable Bases,’”’ Jour. Agric. Research, 
33, 553-67 (1926). 

*S. E. Mattson and Yngve Gustafsson, ‘‘Laws of Soil 


Colloid Behavior: XVIII, Colloidal Electrolytes,” 
Sct., 43 [6] 421-52 (1937); Ceram, Abs., 16 [9] 286 (1937). 
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(2) Combining Capacity 

The exchange or combining capacity of a clay 
for a given cation is usually expressed as the num- 
ber of equivalents of that ion held by 100 grams of 
clay saturated at a specified py. One method of 
determining the capacity is to titrate electrodia- 
lyzed or “‘acid’’ clay with the hydroxide of the 
cation in question, noting the amount required to 
bring the suspension to a given py, such as 7.0 or 
8.0, or titrating to an inflection in the titration 
curve. The curves obtained are typical of the 
neutralization curves of a weak acid and a strong 
base. The reaction may be expressed as ~ 


H-clay-OH + KOH = K-clay-OH + H,0. 


Clays probably also exchange anions according 
to the equation 


H-clay-OH + HCl = H-clay-Cl + H,0. 


(3) Neutral Salt Reactions 

Mattson® has defined the py of exchange neu- 
trality as the py of a clay suspension which is un- 
affected by the addition of a neutral salt. At this 
point the clay exchanges an equal number of OH 
and H ions for the anions and cations of the salt, 
as given by the equation 

H-clay-OH + NaCl = Na-clay-Cl + H,0. 


Clay shows an amphoteric nature in this re- 
spect. If clay is added to a salt solution whose 
Pu lies above the point of exchange neutrality, a 
displacement of the H ions by the cations of the 
solution will predominate, resulting in a lowering 
of the py (exchange acidity) according to the fol- 
lowing equations: 

H-clay-OH + NaOH " Na-clay-OH + H,O 
an 
H-clay-OH + NaCl = Na-clay-OH + HCl. 


Exchange alkalinity results when clay is added 
to a salt solution whose py lies below the point of 
exchange neutrality, as shown by the equations 


H-clay-OH + HCl = H-clay-Cl + H,O 
and 
H-clay-OH + NaCl = H-clay-Cl + NaOH. 


The py of exchange neutrality is the point at 
which the tendency of the cations of the added 
salt to displace the H of the clay is equal to the 
tendency of the anion of the salt to displace the 


*(a) S. E. Mattson and Kwang-Chiung Hou, “Equi- 
Ionic Point and Point of Exchange Neutrality of Soils,” 
Lantbruks-Hégskol. Ann., 4, 188 (1937). 

(6) “The Laws of Soil Colloid Behavior: XX, Neutral 
Salt Effect and Amphoteric Points of Soils,’’ Soil Sci., 
44 [2] 161 (1937); Ceram. Abs., 17 [1] 43 (1938). 
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OH ions. It should not be confused with the iso- 
electric point, at which the anions and cations of 
the clay are dissociated equally when there are no 
displacing ions present. The point of exchange 
neutrality is affected by the relative power of the 
anions and cations of the salt solution to displace 
H and OH from the clay, this power being deter- 
mined by the dissociation constants (or solubility, 
if considered that way) of the compounds which 
the anions and cations may form with the clay 
complex. For this reason, it is necessary to name 
the salt used in determining the point. 

The point of exchange neutrality is found experi- 
mentally by titrating the clay with acid and base 
in distilled water and in a salt solution. Two 
curves are obtained which intersect at the py at 
which the salt, as a whole, produces no apparent 
effect. 


V. Experimental Methods 


(1) pH Measurements 

The most satisfactory method of measuring the 
pu relationships in the clays seems to be the hydro- 
genelectrode. Quinhydrone, although quicker and 
simpler, is subject to some criticism as it may re- 
act with the unsaturated clay. More important, 
however, is the fact that it can not be used above 
pu 8, or at most 9, while it was planned to investi- 
gate suspensions with much higher py. Colori- 
metric methods were not considered satisfactory 
in view of the use of turbid suspensions frequently 
approaching a paste in consistency. There is 
doubt as to the accuracy of measuring the py of 
slips by determining the py of their extracts out of 


_ contact with clay. Bradfield'® showed that the 


concentration of hydrogen ions in a clay paste 
may be 1000 times as great as that in the ultra- 
filtrate from such a paste. 

Electrode vessels of the type developed by 
Bailey" were blown of Pyrex-brand glass. The 
advantage of this vessel is that the hydrogen en- 
ters at the bottom, and the stream of bubbles 
serves to stir the clay and keep it in suspension. 
The experience of workers in soil research argued 
against obtaining titration curves by adding incre- 
ments of acid or base to the clay and measuring 


” Richard Bradfield, ‘“‘Concentration of Cations in 
Clay Sols,” Jour. Phys. Chem., 36, 340 (1932); Ceram. 
Abs., 11 [5] 330 (1932). 

1 E. H. Bailey, “Effect of Air Drying on Hydrogen- 
Ion Concentration of Soils of the United States and 
Canada,” U. S. Dept. Agric. Tech. Bull., No. 291 (1932). 
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the Py. Although Hardy and Lewis" stated that 
there is little to be gained by continuous shaking 
beyond three minutes after each increment is 
added, Clark and Collins” concluded that in 
titrating to py 7 with shaking, 90 hours is usually 
required for equilibrium to be attained. Deni- 
son,'* titrating soil extracts to an inflection in the 
titration curve, found it was necessary to allow a 
period greater than 24 hours for the establishment 
of equilibrium between soil and sodium-hydrox- 
ide. 

In view of these facts, titration curves were ob- 
tained by preparing a series of suspensions of clay 
and electrolyte, each of which would correspond 
to a single point on the curve. These were kept 
tightly stoppered in Pyrex-brand containers for 
36 hours, during which time they received about 
6 hours shaking before their pq values were deter- 
mined. This was evidently enough time, as sev- 
eral check suspensions tested after 50 hours agreed 
within 0.02 py unit. 


(2) Flow Behavior 

Nearly all known types of viscosimeters have 
been employed in studying the mobility and yield 
value, i.¢., the plastic flow characteristics of 
ceramic clay suspensions, as reviewed by Hob- 
son.'® A Stormer viscosimeter was chosen be- 
cause of its flexibility and the ease and rapidity of 
measurements. This is a concentric cylinder 
type of instrument. The outer, stationary cylin- 
der forms part of the cup to contain the material 
under test; the inner rotating hollow cylinder is 
activated by weights hung onacord. It is not an 
absolute viscometer, but a simple calibration 
with oils of known viscosity was sufficient to make 
the calculation of results in absolute units with 
satisfactory accuracy. The method of Higgins 


and Pitman" was used in plotting and calculating - 


constants involved in the calibration curves. 


12 F. Hardy and A. H. Lewis, ‘‘A Rapid Electrometric 
Method for Measuring Lime Requirements of Soils,” 
Jour. Agric. Sci., 19, 18 (1929). 

13N. A. Clark and E. R. Collins, “Equilibrium be- 
tween Soil and Electrolytes, and Its Influence upon Some 
Lime Requirement Methods,” Soil Sci., 29, 417 (1930). 

144T,. A. Denison, ‘‘Methods for Determining the Total 
Acidity of Soils,” Bur. Stand. Jour. Research, 10, 413-26 
(1933); R. P. 539. 

16 G. D. Hobson, ‘‘Viscometric Measurements of Clay 
Suspensions,” Jour. Inst. Petroleum Tech., 21, 204 (1935); 
Ceram. Abs., 14 [9] 227 (1935). 

16 F. Higgins and E. C. Pitman, “Measurement of 
Viscosity of Pyroxylin Solutions,’’ Jour. Ind. Eng. Chem., 
12, 587 (1920). 
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(3) Preparation of Clay Slips 

A series of slips containing various amounts of 
NaOH or HCI was prepared for each clay, both in 
the electrodialyzed condition and as received. 
From burettes, V/10 acid or base was mixed with 
distilled water in Pyrex-brand Erlenmeyer flasks 
to give 100 cubic centimeters of the desired elec- 
trolyte concentration, into which 50 grams of 
pulverized air-dried clay was dropped. 

Each flask was stoppered, placed in a shaker, 
and agitated for about three hours. Thirty-six 
hours later it was shaken again for several hours 
and tested in the viscosimeter. The hydrogen- 
ion concentration of the slip was determined im- 
mediately after its viscosity measurement. A 
few of the slips were such thick pastes that it was 
necessary to add distilled water, shake, and allow 
them to stand a few hours before determining the 
pu. There was always an excess of solid phase 
present and the py did not seem to be changed 
much by this dilution. 


(4) Significance of “Apparent Viscosity" 

In plotting the results, it was found advanta- 
geous to evaluate the flow characteristics of the 
slips in terms of the apparent viscosity. Clay 
suspensions, unless very dilute, do not act as true 
viscous liquids in which there is a linear relation 
between the applied force and the resulting 
flow. Their behavior must be expressed in 
terms of a yield value and mobility. As Rieke 
and Tscheischwili'’ have shown, when electrolyte 
is added to a clay, both yield value and miobility 
may change. Hall'* compared clays by compar- 
ing their yield values after adjusting the clay- 


. water ratio until their mobilities were the same. 


It seemed simpler in this instance to maintain a 
constant clay-liquid ratio and to report the flow 
behavior of each slip in a single value that, to a 
certain extent, included both variables. The ap- 
parent viscosity is numerically equal to the vis- 
cosity that a Newtonian liquid (one with a zero 
yield value) would have if it had required the same 
time per 100 revolutions of the viscosimeter 
spindle when activated by the same weight, as 
did the clay slip. Many of the deflocculated slips 


17R. Rieke and L. Tscheischwili, ‘Viscosity of Kaolin 
and Clay Suspensions Measured with Different Viscosime- 
ters and the Effect upon It of Different Methods of 
Treating the Materials,” Ber. deut. keram. Ges., 17 [1] 
1-46 (1936); Ceram. Abs., 15 [9] 288 (1936). 

18 F, P. Hall, ““Method of Measuring the Plasticity of 
Clays,”” Bur. Stand. Tech. Paper, No. 234 (1923). 


showed no yield value and consequently were 
actually viscous liquids. If two suspensions have 
the same yield point, that with the lower mobility 
will have the higher apparent viscosity. Of two 
slips with the same mobility, that with the greater 
yield value will have the higher apparent viscosity. 


Vi. Experimental Results 


(1) North Carolina Kaolin 

The ultimate p, of this clay was 3.6. Its base- 
exchange capacity was 2.3 milliequivalents,per 100 
grams of air-dried clay.* The py of exchange 
neutrality, as shown by the titration curves of 
Fig. 1, was 3.5, corresponding to the addition of 
'/, m.e. of HCI to the electrodialyzed clay. 
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Fic. 1.—North Carolina kaolin. 
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The relationships of electrolyte content to the 
apparent viscosity and to the py of the clay are 
shown in Figs. 2and 3. The former shows the be- 
havior of the clay as received; the latter gives that 
of the electrodialyzed clay. With a constant vis- 
cosimeter load of 104 grams, the apparent vis- 
cosity of the untreated clay was 159 centipoises. 
This dropped steeply to about 42 on the addition of 
'/> m.e. of NaOH and decreased more gradually 
to a value of 8 when 6 m.e. had been added. 

The electrodialyzed or hydrogen clay had an 
apparent viscosity of 508 centipoises with the 

* A milliequivalent is one-thousandth of a gram equiva- 
lent weight. One equivalent of NaOH being 40 grams, 


one milliequivalent is 0.040 gram. The abbreviation, 
m.e., will hereafter be used in this paper. 
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same viscosimeter driving force. The viscosity 
was reduced to 8 centipoises by the presence of 
2'/, m.e. of NaOH, the amount required to bring 
the py of the suspension to 7.5, where the neutrali- 
zation of this clay is completed. 
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Milliequivalents NoOH per 100 g clay 
Fic. 2.—North Carolina kaolin, untreated. 


With the addition of HCI to the hydrogen clay, 
the apparent viscosity dropped, rose to a peak in 
the presence of 2 m.e., dropped again with 3 and 
4, and increased slightly on the addition of 5 and 6 


(2) Georgia Kaolin 

From Fig. 4, the titration curves of electro- 
dialyzed Georgia clay in water and in sodium- 
chloride solution, it is seen that the ultimate py 
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HCI Milliequivalents NaOH 
Fic. 3.—North Carolina kaolin, electrodialyzed. 


was 3.4, the saturation capacity at py 7.0 was 5.6 
m.e. of NaOH, and the point of exchange neutral- 
ity was at py 2.6, requiring the addition of */, 
m.e. HCl to the hydrogen clay. The inflection 
in the titration curve came between py 8.5 and 9.0 
and indicated 7.0 m.e. NaOH for neutralization. 
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The titration curve in Fig. 5, for the clay “‘un- 
treated,” has but a slight inflection, indicating 
low buffer action in the clay which might have 
been highly saturated with cations in its recovery 
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Fic. 4.—Georgia kaolin. 


treatment before being shipped. The apparent 
viscosity of the clay as received was 22 centipoises 
when the viscosimeter load was 155 grams. This 
dropped to 10 centipoises with 2 m.e. of NaOH, 
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Fic. 5.—Georgia kaolin, untreated. 


then graduaily rose to a value of 21 with 20 m.e. 
On the acid side, there were two peaks at 1 and at 
3 m.e. HCl and a minimum at or near 2 m.e. HCl. 
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The corresponding curves for electrodialyzed 
clay (Fig. 6) show similar relationships, greatly 
emphasized. The Pq-NaOH titration curve has 


a much more pronounced inflection. The appar- 
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Fic. 6.—Georgia kaolin, electrodialyzed. 


ent viscosity of the H clay was 49 centipoises. 
The clay was more sensitive to the deflocculating 
effect of NaOH after electrodialysis, 1 m.e. caus- 
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ing the viscosity to be reduced to 12 centipoises. 
This was increased to a maximum of 22 centi- 
poises in 4m. e. NaOH, dropped to 8 at 6 m.e., and 
remained constant in stronger alkali. The mini- 
mum was reached first as the py rose to 7.5, i.e., 
when neutralization was nearly complete. On the 
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acid side, the maxima and minima are much more 
pronounced than in the case of the untreated clay. 


(3) Florida Clay | 

The titration curves in Fig. 7 show that the py, 
of the hydrogen clay was 3.7, its base binding 
capacity at Py 7 was 6 m.e., and its py of exchange 
neutrality was 2.95, a condition brought about by 
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Fic. 8.—Florida clay, untreated. 


Apparent viscosity in centipoises 


4 


adding 1 m.e. of HCl. The titration end-point 
for the clay was reached at py 7.8 with 6.7 m.e. 
of NaOH. 

A slight inflection was found in the titration 
curve of the clay as received (Fig. 8). The ap- 
parent viscosity of the clay-water suspension was 
about 300 centipoises with a 255-gram driving 
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— 


Apparent viscosity in centipoises 


Milliequivelents 
Fic. 9.—Florida clay, electrodialyzed. 


force on the viscosimeter. The presence of | m.e. 
of NaOH caused a decrease to 11 centipoises (this 
time with 155 grams to drive the viscosimeter). 
The viscosity dropped further to 8 centipoises 
at 4 m.e., and slowly rose to 11 centipoises at 20 
m.e. of NaOH. The addition of 1 m.e. of acid 
greatly stiffened the slip, 2 m.e. lowered it 
nearly to its value in water alone, and a further 
increase caused the viscosity to rise again. 
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Electrodialysis (see Fig. 9) changed the shape of 
the titration curve. The apparent viscosity- 
NaOH relationships, difficult to see on the graph, 
are tabulated as follows: 


Milli- 
equivalents 


Apparent 
NaOH 


viscosity 
24 
17 
10 
8 
10 


~ 


Py, of suspension 


Milliequivalents NaOH 
Fic. 10.—Kentucky ball clay. 


The minimum viscosity probably occurred first 
at a py close to 7.8 when neutralization of the 
weak clay acid by NaOH was complete. 


(4) Kentucky Ball Clay 

From the titration curves in Fig. 10, the ulti- 
mate py was found to be 2.8 and the exchange 
capacity at py 7.0 to be 14 m.e. The clay did 
not become exchange-neutral within the range of 
Pu covered. 

The apparent viscosity of the untreated clay in 
water was relatively low, 12 centipoises. Two 
milliequivalents of NaOH reduced it to 6'/: centi- 
poises, from which point it was increased to 10 in 
the presence of 20 m.e. of NaOH (Fig. 11). 

The electrodialyzed clay likewise had a low ap- 
parent viscosity in water. As shown in Fig. 12, 
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the lowest value, 6, coincided with an inflection in 
the titration curve at the unusually low py of 4.3. 
Another inflection occurred at about py 8 with 15 
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Fic. 11.—Kentucky ball clay, untreated. 


m.e. of NaOH. Increasing quantities of acid, on 
the other hand, led to two viscosity peaks with 
intermediate zones of lower values. 


(5) Tennessee Ball Clay 

The ultimate py of this clay was 3.85, its satura- 
tion capacity 6.5 m.e. of NaOH at py 7, and its 
pu of exchange neutrality was 2.50, equivalent to 
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Fic. 12.—Kentucky ball clay, electrodialyzed. 


the addition of 2 m.e. of HCl. The inflection 
in the titration curve in Fig. 13 came at py 8 with 
7.2 m.e. of NaOH. 

The titration curve of the untreated clay (Fig. 
14) had a small buffer region. The first additions 


of NaOH served to increase the viscosity over that 
in water alone, the slip becoming stiff at py 6.25. 
At this point 2 m.e. of NaOH were present (in ad- 
dition to ions introduced by the clay); the vis- 
cosity was estimated at over 40,000 centipoises, 
with a 455-gram driving load on the viscosimeter. 
With the same force, the viscosity in the suspen- 
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sion containing 3 m.e. of NaOH was calculated at 
3000 centipoises. With 4 m.e., the viscosimeter 
load being reduced to 155 grams, the viscosity 
was measured as 450 centipoises. Viscosity was 
lowest (11 centipoises) when 8 m.e. had been 
added and increased to 40 in the suspension with 
20 m. e. of NaOH. 
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Fic. 13.—Tennessee ball clay. 


The titration curve of the electrodialyzed clay 
had a wide buffer region. The addition of acid or 
base to the clay in water had the effect (Fig. 15) of 
increasing the viscosity. A NaOH concentration 
of 6 m.e. per 100 grams of clay produced a slip too 
stiff to be measured with the apparatus available. 
The viscosity was of the order of magnitude of 
30,000 centipoises for a driving load of 700 grams. 
The suspension containing 8 m.e. of NaOH had a 
pu of 9.2 and an apparent viscosity of only 7 centi- 
poises (load 155 grams). This was increased to 8 
at a py; of 12.03 (20 m.e. of NaOH). 

On adding acid to the electrodialyzed clay, two 
viscosity peaks were encountered, followed by a 
much greater increase in viscosity. 
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Vil. Discussion of Results 

Certain correlations and relationships appeared 
on consideration of the foregoing results: 

(1) Electrodialysis, as would be expected, 
changed the properties of the clay in water and 
caused the apparent viscosity of the clay to be 
higher. In general, the clay was more sensitive 
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Fic. 14.—Tennessee ball clay, untreated. 


to the effect of NaOH, reaching a low value of ap- 
parent viscosity, about 8 centipoises, at a lower py 
than before treatment. The titration curves are 
much sharper, with buffer regions lengthened or 
appearing where none had been shown before 
electrodialysis. 

(2) There is a correlation between apparent vis- 
cosity and the titration curve of the clay with 
NaOH. In each electrodialyzed clay, a minimum 
viscosity was reached, usually sharply, but in the 
case of the Florida clay gradually, at a py corre- 
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Fic. 15.—Tennessee ball clay, electrodialyzed. 


sponding to an inflection in the curve. If the clay 
is considered as a weak acid, this inflection marks 
the completion of its neutralization with the base. 
The situation was somewhat complicated in the 
case of the Kentucky clay. Here, two inflections 
were found, only the first of which was accom- 
panied by a minimum of apparent viscosity. 
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This clay may be composed of two minerals of 
greatly different acid strengths, one of which is 
predominant in determining the viscosity change. 
In view of the absence of a point of exchange neu- 
trality within the range of py studied, it is sug- 
gested that the first inflection may be attributed 
to free silicic acid or a silicate with high silica to 
sesquioxide ratio. Such material would not be 
expected to show an amphoteric nature in the py, 
range studied. 

(3) Two peaks in the apparent viscosity were 
found in acid suspensions, one corresponding to 
the addition of little or no HCl and the other to 
the addition of 2 to4 m.e. The first maximum 
occurs directly at or very close to, the py of ex- 
change neutrality, except in the Kentucky ball 
clay. This clay showed a maximum within the 
same py range as did the other clays, but its py 
of exchange neutrality was less than 1.6. This 
discrepancy is as yet unexplained. 


(1) Probable Cause of Viscosity Changes 

The viscosity of a suspension is largely a func- 
tion of the relative volumes of solid and liquid, as 
discussed by Lewis and others." The volumetric 
interference of the suspended particles will be in- 
creased by any process which will reduce the avail- 
able suspending liquid. In a clay-water system, 
this may be accomplished either by the hydration 
of the clay particles through the formation of 
water films around them or by the enmeshment of 
water between the particles which constitute ag- 
gregates. 

(a) The Effect of NaOH: The lowering of the 
apparent viscosity of electrodialyzed North Caro- 
lina, Florida, and Kentucky clays by sodium hy- 
droxide is evidently the result of the deflocculation 
of aggregates of hydrogen clay and the liberation 
of occluded water. 

For the Tennessee ball clay, the viscosity rises 
rapidly with progressive additions of NaOH and 
then drops to a very low value. This effect was 
noted by Baver, working with the colloidal frac- 
tion of Putnam silt loam, by La Rotonda,*® also 
using colloidal clay, and by Mattson* with ben- 


1° W. K. Lewis, L. Squires, and W. Thompson, “‘Col- 
loidal Properties of Clay Suspensions,” Trans. Amer. Inst. 
Mining & Met. Engrs., 114, 38 (1935). 

2 C. La Rotonda, ‘‘The Physical Properties of Colloids,”’ 
Kolloid. Chem. Bethefte, 35, 553 (1926); Ceram. Abs., 11 
[10] 593 (1932). 

21S. E. Mattson, “Laws of Soil Colloid Behavior: 
I,” Soil Sci., 28 [3] 216 (1929); Ceram. Abs., 10 [4] 295 
(1931). 
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tonite. The simplest explanation of this behavior 
would seem to be that the viscosity change this 
time is due to a change in particle size. By grad- 
ual neutralization and removal of hydrogen ions 
from the clay in the more alkaline solution, the 
charge and hydration of the clay micelles are in- 
creased and their totai volume is larger. The 
same effect would result whether the swelling be of 
the osmotic type (sometimes referred to as undi- 
mensional swelling of the lattice), as reported by 
Endell*®* for montmorillonite, or an increase in the 
thickness of the water film around each charged 
particle. 

The fact is significant that the swelling (and the 
apparent viscosity) is evidently at a maximum 
when the amount of sodium hydroxide present is 
but slightly less than sufficient to displace all the 
hydrogen from the clay. As soon as this maxi- 
mum has been passed, when the titration curve 
begins to turn rapidly upward to mark the com- 
pletion of the neutralization, the dissociation of 
the sodium-clay complex is partly repressed, as by 
a common-ion effect, with the result that the hy- 
dration, particle size, and apparent viscosity drop 
to a minimum coincident with the end-point of the 
titration. The effect of the common ion is to 
compress the Helmholtz double-layer and thereby 
to reduce the effective volume of the suspended 
particles. The phenomena may also be treated 
in terms of the Donnan theory of membrane equi- 
libria.** 

It would be expected, from analogy with the 
results obtained by Baver and many others, that, 
as the NaOH content of the suspension is further 
increased, a concentration of sodium ions will be 
reached sufficiently high to suppress the ionization 
of Na-clay particles to a low value and to reduce 
the charge on the particles below their critical 
potential. Slow coagulation would follow, and as 
aggregation proceeded water would be enmeshed 
between the particles, causing the suspension to 
become much stiffer. This effect was not ob- 
served with NaOH additions of 20 m.e. to elec- 


22K. Endell, H. Fendius, and U. Hofmann, ‘Base 
Exchangeability of Clays and Forming Problems in 
Ceramics,” Ber. deut. keram. Ges., 15 [12] 595 (1934); 
Ceram. Abs., 14 [6] 149 (1935). 

%3(a) F. G. Donnan and A. B. Harris, ‘Osmotic 

and Conductivity of Aqueous Solutions of 

Congo-Red and Reversible Membrane Equilibria,” 
Jour. Chem. Soc., 99, 1554 (1911). 

(6) F. G. Donnan, ‘“‘Theory of Membrane Equilibria,” 
Chem. Rev., 1, 73 (1924). 

(c) H. R. Proctor and J. A. Wilson, ‘‘The Acid-Gelatin 
Equilibrium,” Jour. Chem. Soc., 109, 307 (1916). 


trodialyzed clay, although Baver found it when 
an amount of alkali more than three times the 
base-exchange capacity of the clay had been 
added. The flocculating effect of excess defloc- 
culents-in casting slips is well known. The extent 
of the deflocculation range when sodium salts 
are used is probably due to the large dissociation 
constant of Na clay. A clay deflocculated with 
KOH would be coagulated at a lower concentra- 
tion of hydroxide because less would be needed 
(on account of the lower dissociation constant of 
K clay) to reduce the charge to the same extent. 
The concentration causing reflocculation is some- 
what dependent on the clay-liquid ratio, as a thick 
slip coagulates more readily than a dilute sus- 
pension. 

The hump in the apparent viscosity-NaOH 
curve of Georgia clay occurs at the same NaOH 
content and at nearly the same py value as that in 
the similar curve for Tennessee ball clay. It is 
believed that the Georgia clay may contain a suffi- 
cient quantity of the mineral responsible for such 
behavior in the Tennessee clay to cause this hump 
and that the lack of swelling in the other clays is 
due to the absence of this type of mineral. From 
analogy with the behavior of bentonite, one is led 
to suspect the presence of montmorillonite or a 
similar bentonitic mineral in the two clays showing 
swelling on the alkaline side. 

(6) The Effectof HCl: Changes in the apparent 
viscosity on adding HCl to the electrodialyzed 
clay may have an explanation similar to that ad- 
vanced for the behavior on the basic side. 

The addition of the first increments of HCl to 
the aqueous suspension of electrodialyzed clay will 
shift the py in the direction of the point of ex- 
change neutrality. As long as the py of the sus- 
pension is above this point, the effect of the in- 
creasing amount of acid is to repress the dissocia- 
tion of hydrogen clay, to cause a more complete 
flocculation and coagulation of the clay, and there- 
fore to increase the viscosity by entrapment of 
water. The charge on the particles becomes 
nearly zero, and the viscosity reaches a maximum 
at the point of exchange neutrality. 

Further additions of acid may be thought of as 
gradually increasing the negative charge on the 
particles because Cl~ is adsorbed more than H* 
(as shown by the exchange alkalinity on this side 
of the point of exchange neutrality). Mutual re- 
pulsion leads to a breakup of some of the floccules 
and a lowered apparent viscosity. A point should 
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soon be reached, however, when the increasing 
swarm of chloride ions results in volume increases 
of the particles. From this point on, the increas- 
ing film around the clay particles will cause increas- 
ing apparent viscosity. 

At still lower py, the chloride-ion concentration 
can be considered to have been so built up that 
common-ion effects will be important and will act 
to decrease the size of the micelle and the apparent 


Apparent viscosity 
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viscosity of the whole system. This common-ion 
effect is analogous to that on the basic side. Pro- 
gressively higher concentrations of chloride ions in 
the intermicellar solution suppress the charge to 
within the critical potential, where coagulation 
starts and viscosity rises rapidly. 

Some unpublished work in this laboratory has 
shown that the electric charge on the clay particles 
remains negative, although varying in magnitude, 
over the whole py range from 1 to 12. The mini- 
mum charge appears to be at the py of exchange 
neutrality. 


(2) To Summarize the Discussion 

Assume a clay to be at its py of exchange neu- 
trality (EN in Fig. 16). As the py is increased, 
the viscosity drops (points (1) to (2)), owing to 
increased deflocculation and release of the water 
entrapped in the flocs of H clay. This behavior 
continues, in many clays and kaolins, to point 
(4) where the clay is completely deflocculated. 
In other clays, another factor which has been 
operating begins to make its presence felt at 
point (2). From this point, the viscosity tends 
to rise because the individual micelles are swelling 
(for reasons already given) and tends to drop to 
point (4) because of progressive deflocculation. 
If the clay is one in which the exchange of hydro- 
gen by sodium causes much swelling, the viscosity 
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will rise until a maximum is reached at point (3). 
Any further increase in NaOH concentration 
beyond (3) depresses the swelling, with a resultant 
steep drop in viscosity (to point (4)). There is a 
long deflocculation range from points (4) to (5). 
At point (5), the clay is reflocculated, and the 
viscosity rises. It is believed that the charge on 
the particles has been reduced by this concentra- 
tion of NaOH to below the critical potential. 

On the acid side of exchange neutrality, the 
clay seems to exchange and adsorb anions in the 
same manner that it does cations at higher py. 
Because of this and because of the apparent 
symmetry of the viscosity relationships, it is pro- 
posed that the explanation given for the viscosity 
behavior on the alkaline side of EN, based chiefly 
on experimental evidence of Mattson and Baver, 
be applied to the behavior on the acid side. The 
corresponding regions would then be from (1) 
to (7), deflocculation by increased charge; from 
(7) to (8), swelling of individual particles; from 
(8) to (9), depression of swelling by common-ion 
effect (and suppression of charge); and from (9) 
to (10), reflocculation, coagulation, and a large 
viscosity increase. 


Vill. Summary 

Three china clays and two ball clays, widely 
used in the whiteware industry, were purified by 
electrodialysis and were used for a study of the 
changes in py and viscosity as known amounts of 
NaOH or HCl were added, the clay-water ratio 
being fixed. Similar data were obtained on the 
untreated clays, which were more or less saturated 
with exchangeable acids and bases. 

The electrodialyzed clays behaved as colloidal 
electrolytes, essentially as weak acids, although 
their amphoteric nature is shown by their ability 
to react with HCl. Their base combining capac- 
ity at py 7 ranged from 2.3 to 14 m.e. (0.09 to 
0.56 gram) NaOH per 100 grams of clay. 

Maximum deflocculation (minimum viscosity) 
was reached at the end-point of neutralization by 
base (base exchange or combining capacity). 

Four of the clays showed a viscosity maximum 
at or close to the py of exchange neutrality, which 
ranged from 2.5 to 3.5. The Kentucky ball clay 
had a similar maximum in this range although its 
exchange neutrality was at a py less than 1.6. 
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CRITICAL STUDY OF METHODS OF DETERMINING EXCHANGEABLE 
BASES IN CLAYS* 


By RosBert P. GRAHAM AND JOHN D. SULLIVAN 


ABSTRACT 
A study was made of analytical methods of determining exchangeable bases in clays 


and similar ceramic materials. Total exchange capacity can be determined by electro- 
dialysis or by the leaching-distillation method. The time required for electrodialysis 


can be materially reduced by agitation of the clay slip during dialysis. 


Electrodialysis 


effects decomposition of bentonite and similar materials unless extremely low current 
densities are applied. Exchangeable cations of clays and similar materials are replaced 
slowly by percolation methods, but an agitation leaching-centrifuging procedure was de- 


veloped which effects a rapid replacement. 


In ultimate analyses by leaching methods, 


correction must be made for soluble sulfates. Aqueous 1N ammonium acetate is a satis- 
factory leaching solvent for most clay bodies, but for those containing appreciable 
amounts of calcium carbonate, alcoholic ammonium acetate should be employed. De- 
tails of recommended analytical procedures are given. 


I. Introduction 

During the past few years considerable atten- 
tion has been given to base-exchange phenomena 
in clays.’ For the most part, no critical studies 
have been made of the réle of various bases, and 
most clays investigated have been converted 
either to the hydrogen or sodium form. In under- 
taking a study of the effect of exchangeable bases 
on clays, the writers desired to know the nature of 
the bases present in various clays and the effect 
of replacing the existing bases with others. The 
first problem comprised a critical examination of 
analytical methods to select a procedure com- 
bining reliability and speed. This paper, the 
first of a series on exchangeable bases in clays, 
considers analytical methods and recommends 
procedures applicable to clays and similar mate- 
rials. 

The phenomenon of base exchange is the re- 
placement of bases or cations in or on a body by 
other cations. It can be expressed by the general 
formula, 

+ aM\** = aM** + 
The reaction is reversible for univalent and bi- 
valent cations. Paver and Marshall’ state that 


* Presented at the Fortieth Annual Meeting, American 
Ceramic Society, New Orleans, La., March 27—April 2, 
1938 (General Session on Clay Constitution). Received 
February 1, 1938. 

Work done under Battelle Research Associate Fund. 

1(a) K. Endell, U. Hofmann, and D. Wilm, “Nature of 
Ceramic Clays,” Ber. deut. keram. Ges., 14 [10] 407-38 
(1933); Ceram. Abs., 13 [4] 101 (1934). 
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stitution of Bond Clays and Its Influence on Bonding 
Properties.” Trans. Amer. Foundrymen'’s Assn., 7 [5] 
211-47 (1936); Ceram. Abs., 16 [11] 329 (1937). 
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some trivalent cations such as La and Fe react 
with unsaturated clays to enter a normal ex- 
change reaction, but Al cation does not react with 
hydrogen clays in this manner. Exchangeable 
Al cation, however, is liberated from clays by 
neutral salts, but H is simultaneously liberated. 

Two distinct types of base-exchange reactions 
are recognized. The first, exemplified by all 
negatively charged colloids, is the simple re- 
placement of one cation in the outer Helmholtz 
double layer by another cation. In the second 
type, cations of the crystal lattice are replaced 
by other cations which assume the geometric 
position of those displaced yielding a lattice with 
optical properties that differentiates it from the 
original. The two forms generally are regarded 
as distinct though isomorphous species. — 


ll. General Methods of Determining Exchangeable 
Bases 


Base-exchange determinations involve either 
that of total exchange capacity or of the in- 
dividual exchangeable bases. Total exchange ca- 
pacity is the sum of the metallic, hydrogen, and 
ammonium cations. Metallic cations may be 
determined as a group termed total metallic 
exchangeable bases, or the individual cations, 
Na, K, Ca, and Mg, may be determined. Be- 
cause the amount of exchangeable Fe and Al is 
low and because some colloidal matter is likely 
to be carried in the leach solutions, analyses in 
the ultimate method are not made for these 
cations, and they are considered to be absent. 
In the proximate carbonate method described 
later in this paper for total metallic exchangeable 
bases, Fe and probably Al are included. 
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Critical Study of Base Exchange Determination in Clays 


Total exchange capacity is determined by 
(a) electrodialysis or (b) replacement leaching. 
In the electrodialysis method, the material is 
converted to the hydrogen form which in turn 
is treated with varying amounts of standard 
alkali, and the py of the resulting slip or liquid is 
determined. Plotting the data yields an inflec- 
tion point from which the exchange capacity is 
defermined. 

In the leaching method, the clay is converted 
to the ammonium form by treatment with am- 
monium acetate, NH,C2H 302, or similar solution. 
The excess lixiviant is removed by washing ‘with 
alcohol, and the ammonia from the ammonium 
clay is distilled, for example, by the Kjeldahl 
method. The ammonia distilled is equivalent 
to the total exchange capacity. 

The NH,C2.H;0, leach liquor used in con- 
verting the raw clay to the ammonium form is 
analyzed for exchanged metallic bases. Raw 
clay treated by the Kjeldahl method gives 
exchangeable ammonium. 

Total bases — (metallic + ammonium bases) 

= exchangeable H. 


Various methods have been tried to determine 
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able for materials containing calcium carbonate, 
which is relatively insoluble in alcohol. Excess 
barium can be removed by precipitation as sulfate 
or chromate. Curréntly, the most widely used 
solution is 1N ammonium acetate which com- 
bines the following advantages: (1) solution is 
strongly buffered at a py of 7.0, (2) excess 
salt is destroyed on ignition, and (3) evaporation 
of leach liquor and ignition of residue leaves 
metallic exchanged bases as oxide or carbonate 
which can be titrated with standard acid. 

The soil chemists have been foremost in work 
on base exchange, and quite satisfactory methods 
have been developed for most soils. Much 
of the technique used by soil chemists is not 
applicable to highly colloidal materials like 
clays. It was necessary, therefore, to study the 
methods used by previous investigators, to com- 
pare the accuracy of different methods, and to 
develop a method suitable for clays and similar 
ceramic materials. 


lll. Experimental Work 
(A) Clays Used 


The source and chemical analyses of clays used 


exchangeable hydrogen directly. Schollenberger in this investigation are given in Table I. 
TABLE I 


CHEMICAL ANALYsIS OF CLAY Boprgs 


‘ Ingredient (%) 
Ignition 


Clay loss SiO: Fe:0; AhOs TiO: CaO MgO Na:O K:O Ss 
Lawrence plastic 8.44 59.19 = 25.51 1.46 0.40 0.85 0.30 1.99 0.18 
Ky. flint 13.538 44.35 1.41 37.36 2.04 0.28 0.58 0.47 0.55 0.14 
Pa. flint 13.12 44.37 1.61 36.85 2.94 0.23 0.56 0.33 0.85 0.08 
Ky. ball 12.88 51.85 1.65 29.79 1.44 0.32 0.63 0.22 0.75 0.05 
Wyo. bentonite 6.04 63.64 4.13 18.92 0.28 0.81 2.41 2.47 0.43 0.16 
Ga. kaolin(Wilkinson County) 13.77 44.71 0.90 38.60 0.51 0.15 0.32 0.07 0.14 Tr. 


and Dreibelbis* leached soil with NH C,H;0, 
solution and titrated the pregnant solution with 
standard NH,OH until the py of the solution 
equalled that of the original leach liquor. 

In the leaching method, a large number of dilute 
salt and acid solutions have been used to deter- 
mine exchanged bases and exchange capacity. 
Formerly ammonium chloride, NH,Cl, was the 
principle reagent, and it is still used to a certain 
extent. Because it is acidic in nature and not 
strongly buffered, the results are not particularly 
reproducible. Alcoholic barium chloride has also 
found wide application and is particularly valu- 


*C. J. Schollenberger and F. R. Dreibelbis, ‘Analytical 
Methods in Base-Exchange Investigations on Soils,” 
Soil Sci., 30, 161-73 (1930). 


(B) Analysis by Electrodialysis 

A sample of 200 grams clay or 100 grams 
bentonite was suspended in 700 to 800 cubic 
centimeters H,O. Electrodialysis was carried 
out in a 3-compartment cell made of hard rubber. 
Each compartment measured 2'/,; by 6 by 7 
inches. The anode was a carbon plate and the 
cathode, sheet nickel. Each electrode measured 
5 by 5 inches submerged area. The anolyte and 
catholyte compartments were separated from 
the dialysis compartment with parchment paper. 
At the start, water was placed in the two out- 
side compartments, and the clay slip in the center 
one. Direct current was applied at 200 volts. 
The clay was kept in suspension by means of a 
mechanically rotated glass stirrer. The use of 


| 
| 
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mechanical agitation eliminated the steps used 
by many previous investigators of carrying on 
the dialysis until the body was transferred to 
the anode diaphragm, removing the clay, drying, 
re-dispersing, and continuing the dialysis. As 
the electrodialysis progressed, the anolyte and 
catholyte were replaced at intervals with water. 
The total time of dialysis was 48 hours except for 
ball clay and bentonite for which the period was 
72 hours. After the dialysis, the clay was dried 
at 105°C. One measure of the completeness of 
the dialysis was testing of the catholyte to deter- 
mine when no additional alkali was removed from 
the body. In the case of bentonite, this was not 
complete even in 72 hours, and it is believed that 
it was decomposed by electrodialysis. 

The electrodialyzed clays were dried at 105°C 
and broken to pass a 100-mesh Tyler sieve. Five- 
gram samples were transferred to a glass bottle 
and treated with varying amounts of standard 
NaOH in 20 cc. solution. With bentonite l1-gram 
samples were used. The bottle and contents 
were transferred to laboratory mixing rolls and 
agitated at 30 r.p.m. for 72 hours. The sample 
was then centrifuged to separate liquid and 
solids, and the py of the liquid was measured with 


10 


Base exchange capacity 
By titration 7.) me/I00g. 
By distillation 70me/100g. 


x 

€ 

0 2 4 © 8 
NaOH added m.e./\00g. clay 
Fic. 1. 

a glass electrode. The py was plotted vs. amount 


of base added, and the inflection point was taken 
as the neutralization of hydrogen clay, or base- 
exchange capacity. Figure 1 is a typical titra- 
tion curve. 


(C) Analysis by Leaching 
The usual method of leaching employed by 
prior investigators comprised leaching the mate- 
rial in a porous container by percolation, usually 
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downward. Percolation leaching was found to 
be too slow for use as a general analytical pro- 
cedure. Clays were leached as long as three days, 
and the exchangeable bases were still not entirely 
replaced. Various modifications, including addi- 
tion of filter paper and application of pressure, 
were ineffective in increasing materially the rate 
of extraction. 


(1) Development of Leaching Procedure 

The slowness of the percolation method led to 
an investigation for development of a more rapid 
leaching technique. The method finally evolved 
comprised leaching a 50-gram sample of clay or 
25-gram sample of bentonite in a standard 250- 
ce. centrifuge bottle, 2'/, inches in diameter by 
5 inches high, with 100 cc. 1N ammonium acetate 
(NH,C.H;0.). The sample and leach liquor 
were placed in the cup, and the upper end of the 
cup was closed with a rubber stopper. The 
closed container was agitated on revolving 
laboratory mixing rolls by rotating at 15 r.p.m. 
for a period of 30 to 40 minutes and then trans- 
ferred to a size 1, type SB, International centri- 
fuge and centrifuged at a rate of about 2000 
r.p.m. until the solution became clear. This 
time varied from 10 minutes to 1 hour. The 
clarified solution was removed by decantation. 
Another 100 cc. leach liquor was added to the 
residue on the bottom of the centrifuge bottle, 
the mass was dispersed by shaking, and the 
agitation and centrifuging operations were re- 
peated. Usually five successive washes: were 
used. The solution can be used to analyze for 
exchanged bases. Apparently with many clays 
the replacement is completed during the first 
cycle, and subsequent ones are necessary only as 
washes. Experiments on a 10-gram sample of 
a plastic fire clay gave the following results: 


Milliequivalent/100 g. extracted 


First wash 9.0 
Second “ 0.7 
Third “ Trace 


If the total base-exchange capacity was de- 
sired, the residue obtained from leaching with 
NH,C2H;0, was treated with successive 100-cc. 
portions of 80% neutral C,H;OH by the same agi- 
tation and centrifuging procedure. Experiments 
showed, however, that for this determination the 
sample should be 20 grams for most materials and 
5 grams for bentonite. Usually five 100-cc. 
washes were necessary, but the number varied 
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with the nature of the clay. The recommended 
procedure is to use at least four washes and to 
determine if any NH,‘ is present in the last wash. 
This may be done quantitatively by the Kjeldahl 
method, but qualitative tests usually suffice. 
If NH,* is present, continue the alcoholic washes 
until the solution is ammonia-free. The residue 
obtained in this manner can be analyzed for NH,* 
by the Kjeldahl method, using NaOH or MgO as 
alkali. 


(2) Analysis of Exchanged Metallic Bases 
(a) Ultimate Method 

Calcium: The exchanged bases can be ana- 
lyzed by one of several methods. For many 
purposes, the ultimate method which gives Na, K, 
Ca, and Mg is necessary. The simplest method 
found in this investigation comprised evaporating 
the NH,C,H;0, leach liquors to dryness, treating 
with 5 cc. concentrated HNO; to destroy organic 
matter, and evaporating to dryness. The residue 
was taken up with 10 cc. concentrated HCl and 
diluted to about 200 cc. The solution was 
neutralized with NH,OH to precipitate any Al 
present, heated to boiling, and filtered. This 
filtration also served to remove’ any clayey 
material that might have been carried by the leach 
liquors. The solution was made slightly acid with 
HCl, 10 cc. ammonium oxalate solution (35.5 
g./l. [0.5N]) was added, and the solution made 
slightly alkaline with NH,OH to precipitate the 
Ca as CaC,0,. The solution and precipitate 
were heated to boiling, removed from the hot 
plate, allowed to stand one hour, and filtered. 
The precipitate was dissolved in 5 cc. 3N HCl, 
the solution diluted to 150 cc., 5 cc. (NH4)eC20, 
solution added, the solution made slightly alka- 
line with NH,OH, the mass heated to boiling, 
removed from the hot plate, allowed to stand 1 
hour, and filtered. The CaC.O, was dissolved 
in 5 cc. concentrated H,SO,, diluted to 125 cc., 
heated to 90°C, and titrated with standard 
KMn(Q, solution. 

The combined filtrates from the CaC,O, pre- 
cipitation were evaporated to dryness and treated 
with 25 cc. concentrated HNO; to destroy ammo- 
nium salts. The solution was evaporated to dry- 
ness, taken up in 50 cc. H,O, and diluted to 100 
cc. If any trouble was encountered in dis- 
solving the residue in water, 5 to 10 cc. concen- 
trated HNO; was added, and the solution evapo- 
rated to dryness. It was then taken up with 50 


ce. water and diluted to 100 cc. Aliquots of 25 
cc. each were taken for determination of Na and 
Mg, and 50 cc. for K. 

Sodium: The Na was determined by evaporat- 
ing the aliquot to dryness, and taking up in 1 cc. 
H,O. Ten cubic centimeters zinc uranyl acetaté 
solution* was added, and the solution was al- 
lowed to stand at room temperature for 12 hours 
to precipitate Na as (UO,)s;ZnNa(C,H;02),6H,0. 
The precipitate was filtered on a Gooch crucible 
and determined either gravimetrically or volu- 
metrically. When the gravimetric process was 
employed, the precipitate was washed with three 
or four l-cc. portions of C,H;OH saturated with 
and finally once 
or twice with ether. In the volumetric pro- 
cedure, washing with ether was omitted, and in 
its place the final wash was made with about 0.5 
cc. absolute C,HsOH. The Gooch crucible and 
contents were transferred to a beaker, excess 
standard sodium hydroxide solution added, the 
solution brought to boiling, and the excess NaOH 
back-titrated with standard acid, using phenol- 
phthalein as indicator. The reaction may be writ- 
ten 

+ 10NaOH = 

9NaC,H,O, + Na,U,0; + ZnUOQ, + 5H,0. 

Potassium: The 50-cc. aliquot for potassium 
was treated with 5 cc. concentrated HNO), heated 
to boiling to decompose ammonium salts, and 
evaporated to dryness. The sample was taken up 
with 20 cc. water and evaporated to 10 cc., 10 cc. 
saturated NaCl solution, 10 cc. 10% cobaltous 
chloride solution, and 15 cc. 10% sodium nitrite 
solution added in the order given. The solution 
was evaporated to a pasty consistency on a steam 
bath, the mass cooled, and 10 cc. 10% acetic acid 
and 10 cc. H,O added. The solution was filtered 
through an asbestos Gooch crucible and washed 
with 2'/:% NapSO, solution. The total volume 
of wash solution should not exceed 25 cc. A 
measured excess of standard KMnQ, solution 
was added to a beaker, and the Gooch crucible 
and precipitate were placed therein. The solu- 
tion was diluted to 100 cc., 5 cc. concentrated 
H.SO, added, and the solution was boiled to 
oxidize all nitrite. After boiling 10 to 15 minutes, 


*(A) Uranyl acetate 85 g. 
Glacial acetic acid 50 cc. | Mix, let stand 24 
Water 400 cc. hours, and filter 
(B) = Zinc acetate 200 g. immediately be- 
Glacial acetic acid 25 cc. fore using 
Water 250 cc. 


| 

| 
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the excess KMnQ, was titrated with standard 
oxalic acid solution. The amount of K was cal- 
culated by the following empirical equation: 


K,O in mg. = KMnQ, value X 0.354 + (KMnQ, value)* X 
0.00034 


’ Where KMnQ, value = cc. 0.05N KMn0O, necessary to 
oxidize the precipitate. 

Magnesium: Magnesium was determined in 
the 25-cc. aliquot by diluting to 150 cc., heating 
to 70 to 80°C, adding 10 cc. 2% 8-hydroxy- 
quinoline solution in 2N acetic acid, neutralizing 
with NH,OH, and finally adding 1 to 2 cc. excess 
6N NH,OH. The solution was set aside and al- 
lowed to cool and stand for 1 hour or longer. 
When the precipitate has settled, the supernatant 
liquid should be yellow, indicating an excess of 
reagent present. The solution was filtered 
through a No. 42 Whatman or equivalent filter 
paper and washed thoroughly with cold water. 
The precipitate was dissolved from the filter 
paper in about 25 cc., 2 to 2.5N HCl, the filtrate 
being caught in a glass-stoppered bottle and 
diluted to 50 to 75 cc. with the same acid. The 
reaction is 


Mg(CsH,ON),2H,0 + 2HCI] = + 
2C;H;ON + 2H,0. 


One gram KBr and 2 to 4 drops 0.1% methyl red 
solution were added to the solution, which was 
then titrated, by slowly adding standard potas- 
sium bromate solution until the color changed 
from red to yellow indicating an excess of 
bromate. The solution was constantly stirred 
during titration. Indigo carmine may also be 
used as indicator. The reactions are 


KBrO; + 5KBr + 6HCl = 3Br, + 3H,0 + 6KCI. 
CsH7ON + 2Br, = CsHs;ONBr, + 2HBr. 


When excess KBrO; was added as shown by the 
indicator color change, the bottle was stoppered, 
allowed to stand 2 minutes, and 1 gram KI was 
added. The liberated iodine was titrated with 
standard sodium thiosulfate solution. The re- 
action is 


Br, + 2KI = 2KBr + Ih. 


The zinc uranyl acetate method for sodium has 
been described in detail by Dobbins and Byrd,‘ 
the 8-hydroxyquinolate method for magnesium 


‘J. T. Dobbins and R. M. Byrd, ‘“‘Volumetric Method 
for Determining Sodium,” Jour. Amer. Chem. Soc., 53, 
3288 (1931). 
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by Kolthoff and Sandell, and the cobaltinitrite 
method for potassium by Piper.® 


(b) Proximate Carbonate Method 

In the proximate method, the NH,C.H;0, 
leach liquors were evaporated to dryness and 
ignited to a dull red heat (about 500°C) to con- 
vert the exchanged bases to oxide or carbonate 
and to remove NH, salts. For simplicity, this 
method will be termed the proximate carbonate 
method. Standard HCl, approximately 0.1N, 
was added in excess, and the solution was cau- 
tiously heated to dissolve the exchanged bases. 
The excess acid was back-titrated with standard 
alkali. This method is essetitially that de- 
scribed by Bray and Willhite,’ but it was found 
preferable to carry out all operations in platinum 
rather than glass. The evaporations may be 
carried out in Pyrex-brand glassware, but igni- 
tions should be done in platinum to avoid attack 
of the glassware. Glazed porcelain casseroles 
were badly attacked, and for that reason could 
not be used for ignition. 


(c) Proximate Sulfate Method 

The volumetric method for determining total 
exchanged metallic bases has been described. An 
alternative gravimetric method can be used. A 
20-gram sample was leached in the usual manner, 
and the solution was evaporated to dryness and 
ignited in platinum. Preferably platinum should 
be used both in evaporation and ignition, but to 
save time the evaporation can be carried out in 
Pyrex-brand glass without introduction of serious 
error. The ignition was carried out at a relatively 
low temperature, no effort being made to destroy 
all carbon present. The residue was digested 
with 2 cc. concentrated H,SO, to convert ex- 
changed bases to sulfates, the excess H2SO, was 
removed by fuming, and the residue was ignited 
to about 500°C to destroy carbon. The residue 
was treated with 5 cc. HF and 5 cc. 6N H.SO, to 
remove The H.,SO, was removed by 
fuming. A second portion of H:SO, was added, 
heated to remove SO; fumes, and ignited at about 
700°C. The residue was taken up in 10 cc. con- 

5 I. M. Kolthoff and E. B. Sandell, Textbook of Quan- 
titative Analysis, pp. 609-10. The Macmillan Co., 
New York, 1936. 

*C. S. Piper, ‘‘Volumetric Determination of Potassium 
by the Cobaltinitrite Method,”’ Jour. Soc. Chem. Ind., 53, 
392-96T (1934). 

7 R. H. Bray and F. M. Willhite, ‘‘Determination of Total 


Replaceable Bases in Soils,” Ind. Eng. Chem., Anal. Ed., 1 
[3] 144 (1929). 
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centrated HCl, the solution diluted to 150 cc., 
filtered, and the SO, was precipitated as BaSQ,, 
filtered, and weighed. 


(3) Determination of Exchangeable Hydrogen with 


One proposed method* of determining ex- 
changed hydrogen comprises leaching with am- 
monium acetate solution and titrating the preg- 
nant solution with standard NH,OH until the py, 
of the solution equals that of the original leach 
liquor. Schollenberger and Dreibelbis used a 
quinhydrone electrode but presumably other 
sensitive electrodes can be used. The writers’ 
results by the Schollenberger and Dreibelbis 
method were erratic, owing to loss of NH; in the 
leaching and centrifuging operations. This method 
necessitates the use of closed containers. 


(4) Determination of Exchangeable Ammonium 

A 20-gram sample of raw clay was transferred 
to a standard 800-cc. Kjeldahl flask, 50 cc. 30% 
NaOH solution or 10 grams MgO and 150 cc. 
H:O were added, the NH; was distilled into a 
measured excess of standard HCl, and the excess 
acid was back-titrated with standard NaOH, 
using brom cresol purple as indicator. The 
method is essentially the same as that employed 
for total exchangeable bases. No exchangeable 
ammonium was found in any of the argillaceous 
materials used in this investigation. 


(5) Correction for Sulfates 

In carrying out the methods outlined, the sum 
of the metallic exchanged bases by the ultimate 
method sometimes was higher than the total 
metallic exchanged bases by the carbonate 
proximate method. The magnitude varied with 
different clays. Experimental work showed that 
the difference in most cases was due largely to 
soluble sulfates extracted by the NH C:H;0Ob». 
The correction for SO, was made by leaching a 
20-gram sample in the usual manner or by taking 
a suitable aliquot of the solution used in the ulti- 
mate determination, evaporating the solution to 
dryness, and igniting at a low temperature to 
remove ammonium salts. The residue was dis- 
solved in 10 cc. concentrated HCl, the solution 
diluted to 150 cc., and filtered, and the SO, pre- 
cipitated as BaSO, in the usual manner. The 


® See reference 3. 
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correction must be applied to the ultimate method 
of analysis but not to the proximate carbonate 
because in the latter the sulfates present do not 
consume acid in titrating. Correction must also 
be made in the proximate sulfate method. 

The fact that soluble metallic sulfates other 
than exchangeable bases may be extracted from 
clays, throws a doubt on the specific reliability 
of the ultimate method. It is believed, however, 
that for most clays the soluble sulfate exists largely 
as calcium sulfate and that if the exchanged cal- 
cium by ultimate analysis is corrected for the 
equivalent amount of total sulfate extracted, 
the analysis will not be greatly in error. For 
some materials, this correction can not be applied. 
Bentonites frequently contain sodium sulfate 
and possibly magnesium sulfate; so corrections 
for sulfate in them are only approximations. 

Data are given in Table II on analysis of 
samples of Georgia kaolin and a plastic fire clay 
from Ohio to show the magnitude of sulfate 
corrections. Data are also given in Table V 
on bentonite. 


TaBte II 


EFFecTt OF SULFATES ON PROXIMATE DETERMINATIONS 


Exchanged metallic 
bases (m.e./100 g.) 
Lawrence 


Georgia kaolin plastic fire clay 


(mot cor- 


Total metallic exchange (cor- (motcor- (cor- 
determination rected) rected) rected) rected 

By ultimate analysis 1.2 1.1 9.6 7.4 
By proximate carbonate 

method 0.9 
By proximate sulfate 

method 1.0 0.9 9.8 7.6 
So, 0.1 2.2 


(6) Effect of Soluble Carbonates 


In all of the materials studied, except bentonite, 
the agreement between total exchange capacity 
and total metallic exchangeable bases, when 
corrections for sulfate were made, was satis- 
factory. With bentonite the total metallic ex- 
changeable bases were always higher than the 
total exchange capacity. 

Burgess® and his co-workers showed that base 
exchange reactions took place as readily in al- 


*(a) P. S. Burgess and J. F. Breazeale, ““Methods for 
Determining Exchangeable Bases of Soils, either in the 
Presence or Absence of Alkali Salts,’ Aris. Agric. Expt. 
Sta. Tech. Bull., No. 9 (1926). 

(6) O. C. Magistad and P. S. Burgess, “Use of Al- 
coholic Salt Solutions for Determination of Exchangeable 
Bases in Calcareous Soils,” ibid., 20, 481-97 (1928). 
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coholic as in aqueous salt solutions. They also 
showed that the amount of CaCO; and MgCO; 
dissolved was greatly reduced by use of alcoholic 
rather than aqueous solutions. Using 0.1N 
BaCl, in 68% C,HsOH, CaCO; was dissolved at 
20°C to the extent of 15 p.p.m., whereas in water 
the dissolution was 72 p.p.m. With MgCO,, the 
dissolution in 0.1N BaCl, in 68% C.H;OH and 
H,O was 229 and 442 p.p.m., respectively. 

The total exchange capacity of a sample of 
Wyoming bentonite, by the usual distillation 
method previously described, was 74.3 m.e. per 100 
grams. The total metallic exchanged bases by the 
carbonate method was 87.6. The sample was 
leached with alcoholic 1N NH C,H;O:, and the 
procedures were carried out in exactly the same 
manner as with the aqueous leach. The total 
exchange capacity was 73.8, the sum of the ulti- 
mate analysis for exchangeable metallic bases cor- 
rected for sulfate was 81.9, and the proximate car- 
bonate analysis for total exchangeable metallic 
bases was 80.8. The total base-exchange ca- 
pacity by the two methods ofextractionagreed well, 
and inasmuch as the value was lower than by the 
proximate or ultimate methods either by alcoholic 
or aqueous extraction, the latter methods are be- 
lieved to be in error. The error is likely due to 
soluble carbonates in the bentonite, particularly 
calcium and magnesium. The discrepancy be- 
tween the distillation and ultimate or proximate 
methods was reduced by use of alcoholic leach 
liquors, but owing to the appreciable solubility of 
both CaCO; and MgCO; in C,H;OH, it is believed 
that the differences still present were due to this 
source of error. Qualitative analysis showed 
carbonate to be present. Chemical analysis, by 
combustion, disclosed about 0.1% of C. 

A water suspension of the bentonite had a py 
of 9.8 and this combined with the relatively high 
CO, content makes the existence of exchangeable 
hydrogen doubtful. 


(7) Precautions to Be Observed 


In any of the methods of analysis, blank de- 
terminations should be carried through, and the 
blank corrections made. 

With an unknown material, special attention 
should be paid to completeness of precipitation. 
When a reagent is added to effect precipitation, a 
few drops of reagent should be added to the super- 
natant liquid after the precipitate settles. 
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(D) Analysis of Typical Clay Materials 

An analysis was made of clays varying from 
materials of low exchange capacity, such as kaolin, 
to bentonite of high capacity. Most of the ma- 
terials studied slaked on addition of leaching so- 
lution, but flint clays did not slake materially. 
A study was made by the proximate carbonate 
method on the effect of particle size on total me- 
tallic bases extracted from two samples of flint 
fire clay. Data are given in Table III. All sizes 
were obtained by stage crushing and grinding. 


Taste III 


Errsct oF ParRTICLE S1zE ON Base ExcHaNGce CaPAcITy 
or Firnt Fire Ciays 


Metallic 
Size base exchange 
(mesh (m.e./ 
Tyler) 100 g. clay) 
— 28 6.2 
Ky. flint fire clay 
— 200 6.7 
— 28 4.5 
Pa. flint fire clay 
— 200 5.1 


Data are given in Table IV on the analysis of 
five materials. All samples were minus 200-mesh 
size. In all cases the ultimate determination 
was corrected for leached sulfates on the assump- 
tion that they were all CaSO,. 


TABLE IV 
ANALYSIS OF EXCHANGEABLE BASES OF FIVE MATERIALS 
BY VARIOUS METHODS 


Exchangeable metallic 
bases (milliequivalents /100 g.) 


Ga. Pa. flint flint plastic Ky. 
kao- fire fire fire ball 
Component lin clay clay clay clay 
Calcium 0.4 2.5 3.4 5.2 7.1 
Magnesium 0.6 1.8 2.0 1.3 3.8 
Sodium 0.1 0.5 0.9 0.4 0.5 
Potassium Trace 0.4 0.8 0.5 0.4 
Sum 7.4 11.8 
Determination Total metallic exchangeable bases 
By proximate car- 
bonate method 0.9 Gy 
By proximate sul- 
fate method 0.9 5.0 6.6 7.6 12.0 
Determination Base-exchange capacity 
By ammonia dis- 
By electrodialysis 2.4 7.1 7.4 10.6 15.3 
Exchangeable hydrogen* 
1.6 2.0 1.2 3.1 2.1 


* (Base-exchange capacity by ammonia distillation) — 
( —— exchangeable bases by proximate carbonate 
method. 
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Data on bentonite by various methods are 
given in Table V. The total exchange capacity 
by electrodialysis was low. Dialysis for 72 hours 
was not long enough to produce an alkali-free 
catholyte. There is general agreement that ben- 
tonite is decomposed during electrodialysis and 
that extremely low current densities must be 
used to minimize decomposition. If in the 
analysis for total metallic exchangeable bases 
the assumption is made that the Ca and Mg 


TABLE V 


Base& EXCHANGE ANALYSIS OF BENTONITE BY VARIOUS 


METHODS 
Exchangeable metallic 
bases (m.e./100 g.) 


By ore By alcoholic 


Component 

Calcium 18.4 10.1 
Magnesium 4.9 4.9 
Sodium 76.6 74.3 
Potassium 0.5 0.5 
Sum 100.4 89.8 
Extracted sulfate 9.3 7.9 
Sum corrected for sulfate 91.1 81.9 
Total metallic exchangeable 

bases by proximate car- 

bonate method 87.6 80.8 
Base-exchange capacity by 

distillation 74.3 73.8 
Base-exchange capacity by 

electrodialysis 57.0 


cations are from soluble salts and not exchange- 
able bases, the difference between total exchange 
capacity and metallic exchangeable bases is 
greatly reduced. For example, with the alcoholic 
leach the corrections lower the total metallic ex- 
changeable bases to 74.8 m.e. per 100 grams. 


IV. Discussion of Analytical Methods 

Total base-exchange capacity can be deter- 
mined either by electrodialysis or leaching-distil- 
lation methods. The electrodialysis method re- 
quires less personal attention although the overall 
time required is longer. It also has the following 
disadvantages: (1) difficult to determine when 
dialysis is completed, (2) some materials such as 
bentonite may be decomposed, and (3) the inflec- 
tion point in the py vs. NaOH curve not distinct. 

The following advantages favor the leaching- 
distillation method: (1) relatively rapid, (2) not 
affected by soluble sulfates or carbonates, (3) 
titration is distinct, and (4) the solution can be 
used for analysis of exchanged cations. 

Among the disadvantages are (1) careful wash- 
ing with alcohol to remove NH«C,H;O; necessary 
and (2) distillation must be watched carefully. 

The method of determination of metallic ex- 
changeable bases depends on whether individual 


cations or total metallic bases are required. The 
NH,C;H;0; leaching method including correction 
for soluble sulfate, given earlier in this paper, is 
recommended for the ultimate method. Materials 
containing appreciable amounts of calcium car- 
bonate should be leached with alcoholic 
NH.C2H;0s. 

If only total metallic bases are required, the 
carbonate method is recommended. It is rela- 
tively rapid and is not affected by soluble sulfates. 
For best results, platinum should be used. Too 
high ignition temperatures must be avoided with 
colloidal material high in exchangeable magnesia 
because magnesium silicate which is insoluble in 
dilute acid is likely to form. For materials high 
in calcium carbonate, alcoholic rather than 
aqueous NH,C;H,0, should be used for leaching. 

The sulfate method of determining total me- 
tallic exchangeable bases is not so simple as the 
carbonate method, but it eliminates the tendency 
of errors due to formation of magnesium silicate. 
Correction must be made for soluble sulfates. 

No satisfactory method can be outlined for the 
determination of individual exchangeable cations 
in bentonite and similar colloidal materials with 
extremely high exchange capacity. Leaching 
with alcoholic NH,C,;H;O, decreases the soluble 
salt error but does not eliminate it. 

A sample of bentonite was leached with 80% 
C.H;OH, and 1.7 m.e. SO, and 3.1 m.e. Na were 
extracted per 100 grams. It is difficult to apply 
a correction from these data because the solubility 
of sulfates in C;H;OH probably is not the same as 
in 1N NH,C;H;0, in 80% C,H;OH. In addition, 
if MgSO, is dissolved by C,H,OH, it may react 
with exchangeable Na because the exchange en- 
ergy of Mg** is greater than that of Na*. 

The leaching-distillation method gives a fairly 
true measure of total exchange capacity of ben- 
tonites. 


V. Discussion of General Leaching Procedure 

Clays and similar highly colloidal materials are 
not amenable to leaching by the usual percolation 
methods employed by soil chemists. Base- 
exchange reactions are rapid, and if contact of 
solids and lixiviant is maintained the time required 
for an analytical determination can be greatly re- 
duced. Filtration of clay slips is slow and often 
ineffective. The agitation leaching and centrifug- 
ing method is recommended. 
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CONTROLLED VARIABLES OF FRIT COMPOSITION 
IR RELATION TO ENAMEL CONSISTENCY* 


By G. H. McIntyre anp R. E. Bevis 


FRIT SOLUBILITY: Il 
AND THE 


ABSTRACT 


The sodium carbonate and borax of a sheet-steel ground-coat composition were varied 
to give variable frit solubility. Definite relationships between enamel consistency and 
Na,O and B,O; content of the mill liquor are shown. The ratio of soluble Na;O to B,O; 
is of more importance than their total solubility. 


|. Introduction 

The first work of the authors' showed definite 
correlation between the solubility of enamels and 
the milled enamel consistency and that factors 
other than Na,O and B,O; solubility must be 
taken into account. 

In the present work, enamel compositions were 
selected with the objective of eliminating as many 
other variables as possible in order to study more 
thoroughly the effect of the Na,O and B,O; solu- 
bility variable. 


This method of varying the compositions was 
chosen merely to simplify selection of composi- 
tions for the range of solubility desired. 


(2) Milling 

Duplicate millings were made of all composi- 
tions, using the following mill additions: 1500 
grams frit, 105 grams Vallendar clay, and 550 to 
600 grams distilled water. 

The enamels were ground as nearly as possible 
to a fineness of 5 to 7 grams dry residue on a 200- 


TABLE I 
Enamel No. 
(3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (43) (18) 
B,O; 6.25 21.25 6.25 10.0 8.25 11.75 13.75 26.25 18.516 13.5 5 3.75 2.5 8.75 7 6 5 
Na,O~ 6.25 6.25 21.25 10.0 8.25 11.75 13.75 6.25 6.5 4 2.5 18.5 16.25 13.5 18.75 16.5 14 11.5 
Total 12.5 27.5 27.5 20.0 16.5 23.5 27.5 32.5 25.020 16 23.5 20 16 27.5 23.520 16.5 
Borax 17.1 38.3 17.1 27.3 22.6 32.1 37.6 38.6 40.1 24.7 15.4 13.6 10.3 6.8 23.8 19.1 16.4 13.7 
Boric acid 12.8 21.5 6.4 12.4 14.1 
Soda ash 5.9 31.6 9.4 7.9 11.2 13.1 27.8 25.0 21.2 27.6 22.9 19.4 15.9 
Basic Composition 
Feldspar 32 Cobalt oxide 0.5 
20 Manganese dioxide 1.5 
Soda niter 4 Borax Variable 
Fluorspar 5 Soda ash sll 
ll. Method of Investigation mesh sieve from a 50-milliliter sample of liquid 


(1) Selection of Compositions 

A sheet-steel blue ground coat? was chosen as 
the basis for study. Both the total and the pro- 
portion of sodium and boric oxides were varied 
as shown in Fig. 1. In the actual formulation, 
these were calculated back to sodium carbonate 
and borax, all other materials being held constant. 
Enamel No. 4 is the basic composition. The 
batch compositions are shown in Table I. 


* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 23, 
1937 (Enamel Division). Received February 18, 1937. 

1G. H. McIntyre and R. E. Bevis, ‘Frit Solubility: I, 
Comparison of Methods of Determination and Relation of 
Soluble Salts to Enamel Slip Consistency,” Jour. Amer. 
Ceram. Soc., 19 [9] 249-52 (1936). 

2 A. I. Andrews, Enamels, p. 174. Twin City Publish- 
ing Co., Champaign, IIl., 1935. 


enamel taken from the mill. It was impossible 
to maintain the fineness within these limits in all 
cases because many of the enamels settled rapidly 
in the mill, thereby preventing accurate sampling 
before the mill was emptied. Some of the mill- 
ings, though showing correct grinding when first 
sampled, were either slightly above or below the 
limits set when accurately sampled after the mill 
was emptied. 

After milling, all enamels were adjusted to a 
specific gravity of 1.70. 


(3) Consistency Measurements 
Using the Gardner mobilometer,* consistency 
*G. H. McIntyre and J. T. Irwin, “Application of 
Gardner Mobilometer to Enamel Slip Consistency Studies 


and Control,” Jour. Amer. Ceram. Soc., 15 [8] 433-38 
(1932). 
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Frit Solubility: II, Relation of Frit Composition to Enamel Consistency 


measurements were made of each milling, all 
measurements being made at 20° to 21°C. 

A number of the enamels settled rather rapidly, 
but measurements were made possible by stirring 
the enamel thoroughly before allowing the plunger 
of the mobilometer to fall through it. 


(4) Titrations, p Measurements 

After consistency measurements were made, the 
enamel mill liquor was filtered off. Twenty-five 
milliliter samples were taken and diluted to 200 
milliliters. 

The py of these samples was determined’ po- 
tentiometrically, using a glass electrode. 

The Na,O titrations were made with 0.05 
NHCI to an end-point of the methyl orange color 
change. Then the samples were boiled, Mannitol 
was added, and the B.O; was titrated with 0.05 
NNaOH to the color change of phenolphthalein. 


Hil. Titration of Mill Liquor 

A typical Na,O titration is shown in Fig. 2. 

In previous work, the authors’ interpretation 
of the curve placed the end-point at py 7, the 
theoretical equivalence point for neutralization 
of a dilute strong base by a dilute strong acid. 
The slight leveling off of the curve between py 7 
and py 6 followed by the slight inflection at py 5 
was attributed to the buffering action of some 
unknown salt in solution. 


0- Na,0 


ont OP OU 


35B,05 
Fic. 1, 


Further data have shown this interpretation to 
be partially incorrect. In Fig. 2, the titration 
curves of dilute solutions of borax, sodium carbon- 
ate, and a mixture oi borax and sodium carbonate 
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(10 to 1) are shown. The equivalence point of 
these solutions is at py 4.6 to 5 for all three 
curves. The curve of the borax-sodium car- 
bonate mixture follows closely that of borax until 
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pu 7 isreached. At this point, the small amount 
of sodium carbonate present begins to exert a 
buffering action, causing a slight leveling off of 
the curve until py 5.8 to 6 is reached, where both 
the borax inflection and the second inflection of 
sodium carbonate begin. 

This curve duplicates almost exactly that of the 
enamel mill liquor. The leveling off of the mill- 
liquor curve between py 7 and 6 now can be ex- 
plained by the buffering action of a small amount 
of sodium carbonate. In addition, this curve 
shows that there is no inflection at py 7, as the 
mill-liquor curve previously was interpreted, but 
rather at py 5. 

This inflection takes place within the range of 
color change of methyl orange. It was found 
that the end-point as determined potentiometri- 
cally could be reproduced with reasonable accu- 
racy using methyl orange indicator. 

The potentiometric titration is more accurate 
than the indicator titration, but it was felt that 
the additional accuracy secured by the potentio- 
metric titration was not consistent with the ac- 
curacy of other phases of the work. In addition, 
the time required for a potentiometric titration is 
much greater than that required for a titration 
using a chemical indicator. For these reasons, 
methyl orange was used as the end-point indicator 
in all titrations for NazO content. 
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IV. Results 
The results are tabulated in Table II in the 
order of increasing NazO to B,O; ratio. 


(1) pw Solubility Variable 

In Fig. 3, the variation of py with total solu- 
bility is plotted. There is little correlation unless 
account is taken of the Na,O to B,O; ratio. When 
the enamels of similar ratio are considered as a 
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Tota! solubility (g/liter) 
Fic. 3.—Hydrogen ion vs. total solubility. 


group, a trend of increasing py with total solu- 
bility is shown. The ratio, however, seems to be 
more of a governing factor than total solubility. 

In Fig. 4, the variation of py with Na,O to 
B,O; ratio is plotted. With increasing ratio, the 
pu increases to a maximum of 11.5 at a ratio of 3. 

Because of this correlation between py and 
ratio, any correlation shown between ratio and 
consistency will hold true to a large extent be- 
tween Py and consistency. 
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(2) Total Solubility and Enamel Consistency 

The enamel compositions were grouped regard- 
less of total solubility according to similar Na,O 
to B,O; ratios listed as follows (see also Table II): 


Group I NarO-—B:Os: ratio 
(No. 8) 0.28 
Group II 
(Nos. 9, 10, 2, 11) 0.4-0.5 
Group III 
(Nos. 5, 4, 1, 7, 6) 1.1 
Group IV 
(Nos. 18, 17, 15, 3, 16) 2-3 
Group V 
(Nos. 13, 14, 12) 6-8 


In Fig. 5, total solubility of groups II, III, and 
IV is plotted against the corresponding relative 
mobility. 


4 
Na,0/ B,0, 
Fic. 4.—Hydrogen ion vs. Na,O to B,O; ratio. 


In groups III and IV, as the solubility in- 
creased, the mobility increased rapidly to a maxi- 
mum which held constant over a narrow range. 
Mobility again was decreased with still higher 
total solubility. 


TABLE II 
Mill liquor Relative consistency 
(g./liter) - 
Group Enamel Slip a Total Vield 
No. 0. characteristics pu Na:O B:0; Na20/B:0; solubility Mobility value 
I 8 Good set 8.94 0.94 3.38 0.28 4.32 11.5 38 
9 <a ne 9.18 0.80 1.95 0.41 2.75 15.0 36 
II 10 : si 8.88 0.84 2.02 0.42 2.86 29.5 30 
2 ° . 9.08 0.97 2.07 0.47 3.04 14.6 26 
8.89 0.72 1.49 0.48 2.21 19.5 73 
5 Settles 10.06 0.72 0.85 0.85 1.57 35.5 20 
III 4 nig 9.97 0.88 0.88 1.00 1.76 37.6 19 
1 er 9.87 0.56 0.54 1.04 1.10 22.6 21 
7 ~ 10.44 1.64 1.52 1.08 3.16 34.7 16 
6 " 10.21 1.21 1.11 1.09 2.32 39.5 17 
18 42 9.84 0.94 0.44 2.14 1.38 58.0 15 
IV 17 - 10.65 1.51 0.64 2.36 2.15 72.0 15 
15 ag 11.22 4.09 1.52 2.69 5.61 73.0 19 
3 “3 11.52 5.28 1.79 2.96 7.07 43.0 13 
16 = 10.97 2.63 0.85 3.09 3.48 73.0 18 
13 ” 11.53 3.48 0.55 6.33 4.03 66.0 12 
V 14 ts 11.33 2.85 0.40 7.13 3.25 62.5 15 
12 os 11.33 3.58 0.45 7.96 4.03 63.0 5 
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The enamels of group IV had a higher mobility 
as a whole and a longer range of maximum mo- 
bility. 

The enamels of group II were confined to an 
area of low mobility, but no definite relationship 
could be determined. It is probable that in this 
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Fic. 5.—Relative mobility vs. total solubility. 


range small changes in solubility made such a 
change in the consistency that the work was not 
sufficiently accurate to detect the relationship. 

Because group V contains only three composi- 
tions and covers only a small range of solubility, 
it was not plotted. 
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Fic. 6.—Yield value vs. total solubility. 


In Fig. 6, the solubility is plotted against rela- 
tive yield value. The enamels again are divided 
into groups of similar ratio. 

In group II, there was a rapid decrease in yield 
value with increasing solubility; in groups III 
and IV, though there was a slight trend of de- 
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creasing yield value with increasing solubility, 
the change is hardly more than the experimental 
error. Again group V did not cover sufficient 
range to draw any conclusions. 
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Fic. 7.—Relative yield value vs. Na,O to B,O, ratio. 


(3) Na:O to BO; Ratio and Enamel Consistency 

The data of Table II show a trend of decreasing 
yield value with increase of ratio. 

Figure 7 shows a close relationship independent 
of solubility between relative yield value and 
ratio. As the ratio increased, the yield value 
decreased rapidly to a minimum at a ratio of 1 
with practically no further change even at very 
high Naz,O to B,O; ratio. 


Relative mobi lity 


6 
Na,0-B,0, ratio 


Fic. 8.—Relative mobility vs. NasO to B,O,; ratio 
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It should be noted that enamel No. 11 is quite 
inconsistent. This point was checked by four mill- 
ings with identical results. No explanation can 
be offered for this inconsistency. 

In Fig. 8, the relative mobility is plotted 
against the ratio, independent of total solubility. 
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A close relationship is shown, the mobility in- 
creasing rapidly to a maximum mobility of 60 to 
70 at a ratio of 1.5 to 2.5. 

It is significant that all enamels of a ratio be- 
low 0.89 had good set and that those of a higher 
ratio settled rapidly. 


V. Discussion 

The range of solubility of ordinary ground coats 
(0.7 to 1.1 ratio) is also the range in which small 
changes, either in total solubility or ratio, make a 
decided change in the resulting enamel-slip con- 
sistency. 

Previous work of the authors‘ over an extended 
period of time has shown that enamels of ratio 
below 0.8 to 0.85 give little trouble with setup, 
and that those of higher ratio are difficult to set 
up properly, the degree of difficulty increasing 
with increasing ratio. These data confirm the 
limiting ratio for settling and consistency factors 
as determined in the present work. 

The ratio for an equimolecular solution of Na,O 
and B,O; is 0.89. It may be possible that this 
fact is connected in some way with this dividing 
line of good and poor set. 

One application of these results would be to 
control enamel set by controlling the Na,O to 
B,O; ratio in the mill liquor by mill additions, but 
this may lead to other enameling difficulties. 
The authors plan to investigate this phase of the 
work at a future date. 


* Unpublished data. 
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Vi. Summary 

These results show that for the same basic type 
of enamel there is definite correlation between the 
frit solubility and the resulting enamel slip con- 
sistency. 

(1) The py of the mill liquor increases with in- 
creasing Na,O to B,O; ratio but not in constant 
proportion. 

(2) With constant ratio, as the total solubility 
increases, the mobility increases rapidly to a 
maximum and then decreases. 

(3) The maximum mobility reached and the 
total solubility at which this maximum is reached 
are factors of the Na,O to B,O; ratio. 

(4) With constant Na,O to B,O; ratio, as the 
total solubility increases, there is a trend of de- 
creasing yield value. This change is quite rapid 
at a low ratio. 

(5) Independent of total solubility, as the Na,O 
to B,O; ratio increases, there is a rapid increase to 
a maximum mobility. 

(6) Independent of total solubility, as the ratio 
increases, there is a rapid decrease to a minimum 
yield value. 

(7) The most rapid changes in consistency take 
place in the range of solubility of common ground 
coats. 

(8) The limiting ratio of Na2O to BO; solubility 
for satisfactory enamel consistency appears to be 
that of equimolecular proportions of Na2,O to B.O; 
or 0.89. 
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LITHIUM MINERALS AND COMPOUNDS IN CERAMICS* 


By C. Betz 


ABSTRACT 
A comparison of the chemical and physical properties of lithium and the more common 
alkali metals, sodium and potassium, is presented. The occurrence and chemical 
analyses of the commercial ores of lithium and the ceramic application of some of the 


lithium compounds are given. 


|. Introduction 

Lithium compounds have been of great impor- 
tance in the development and growth of two of 
the newest engineering achievements, arc welding 
and air conditioning. Lithium compounds also 
play an important part in man’s oldest art, 
ceramics. 

Although lithium is of the alkali group, it 
differs in its chemical reactions from the other 
members of this family and resembles, in many 
respects, the members of the alkaline-earth group. 
This is particularly true of the reactions of certain 
lithium salts, such as the carbonate, fluoride, 
and phosphate which, unlike those of the alkali 
metals, are sparingly soluble in water. 

Lithium is the lightest of all of the metals; it 
weighs less than one-fifth as much as metallic 
aluminum. 

One pound of lithium is chemically equivalent 
to approximately 3.3 pounds of sodium or 5.5 
pounds of potassium. It is for this reason that 
small percentages of lithium, when added to 
ceramic formulas, often exert powerful fluxing 
effects. 

If the ores of lithium occurred in deposits that 
were as uniform and plentiful as the sodium- and 
potassium-bearing deposits, it is highly probable 
that the lithium minerals would be as extensively 
used in ceramics as are the feldspars. Unfortu- 
nately, this is not the case, although there are 
available large tonnages of sufficiently high-grade 
lithium-bearing ores, and they are being used in 
increasing quantities in the ceramic field. 


ll. Lithium Ores 
Lithium has been found in more than one 
hundred and fifty different minerals, only three of 
which occur in sufficient quantity and contain a 
high enough percentage of lithium for considera- 


* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 23, 
1937 (Materials and Equipment Division). Received April 
13, 1937. 


tion, vis., amblygonite, spodumene, and lepidolite, 
all of which occur in pegmatite dikes. 


TABLe I 
TypicaL ANALYSES OF LiTHIUM ORES AND FELDSPAR 
Ambly Spodu- Le Feld 
gonite mene lite 8 
(%) (%) (%) (%) 
Li,O 8.48 6.78 4.65 
K,;O 0.30 0.69 10.33 9.9 
Na;O 1.63 0.46 0.13 2.4 
SiO, 5.16 62.91 52.89 70.4 
Al,O; 22.96 28.42 26.77 16.4 
Fe,Q; or FeO 0.019 0.58 0.19 0.07 
MgO Tr. 0.13 0.31 Tr. 
CaO 0.15 0.11 0.92 0.30 
P.O; 54.42 
MnO, None 0.59 
F 2.67 3.68 
Loss on ignition 4.80 0.28 0.66 


Amblygonite is a complex lithium-aluminum 
fluophosphate, with the theoretical formula Li- 
(AIF)PO,, containing theoretically 10.1% of 
lithia. An actual chemical analysis of six car- 
loads averaged 8.21% lithia with a minimum of 
7.88% and a maximum of 8.59%. 

Amblygonite, because of its high lithia content, 
is in great demand as a commercial source of 
lithium salts, and most of the available supply of 
amblygonite is utilized for this purpose. It can 
be recommended for use in ceramic formulas to 
produce rapid fluxing and high gloss, where phos- 
phates are not detrimental. Its high percentage 
of fluorides and phosphates, together with its high 
lithia content, makes amblygonite especially effec- 
tive as a fluxing ingredient in opaque glazes. 

Spodumene is a lithium-aluminum silicate 
(LiAl(SiO;)2) which theoretically contains about 
8.4% of lithia, 27.4% alumina, and 64.5% of 
silica. Commercial shipments usually contain 
from to 7'/:% lithia and average about 6%. 

The available supply of spodumene is much 
greater than amblygonite and, for this reason, it is 
relatively lower in cost. Because the lithia con- 
tent of spodumene is frequently leached out by 
weathering, it is often necessary to strip the 
exposed surfaces of the deposits to assure a satis- 
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factorily high content of lithia. Chemical control 
of each shipment is recommended for all ceramic 
applications. 

Spodumene, owing to its higher content of 
alumina, is relatively harder to melt than feldspar 
when added to a glass batch or body formula. 
For this reason, it has not been used extensively, 
even though its lithia and alumina content should 
make this mineral highly desirable. Spodumene 
is quite refractory; it has a relatively high melting 
point of approximately 2600°F as shown when 
substituted for feldspar in an electrical-porcelain 
formula. 


No. 1 No. 2 
feldspar spodumene 
y y 
English ball clay 13 13 
Florida kaolin 13 13 
Georgia kaolin 15 15 
Flint 26 26 
Feldspar 33 
Spodumene 33 


The mixtures were ball-ground in pebble mills 
for six hours with an excess of water. They were 
then filtered, and test specimens were prepared in 
the usual manner for dust-pressed electrical porce- 
lain. Test specimens, 1 by 1 by 4 inches, were 
dust-pressed, dried, and fired to cone 11 down ina 
tunnel kiln. 

The spodumene body formula No. 2 was highly 
porous and unexpectedly increased in size instead 
of shrinking in the firing process, whereas the 
feldspar body was vitrified and showed the 
characteristic firing shrinkage. There was no 
distortion from swelling or bloating in either 
body, the expansion of the spodumene body evi- 
dently being due to a uniform permanent expan- 
sion of the spodumene. The color of the spodu- 
mene body was buff compared to the white of the 


feldspar body. 


Fir- Firing 
ing ex- 
shrink- pan- 
) (%) 
Water ry 
absorp sizes sizes 
tion 100 100 
(%) %) %) Color 
No. 1 feldspar body 1.23 8.85 White 
No. 2 spodumene body 21.30 4.97 Buff 


Although the color of this spodumene body is 
buff, samples of spodumene from other mines 
have been melted to clear colorless glasses at 
2600°F. The expansion of lump spodumene was 
quite noticeable when heated rapidly in a crucible, 
and it was especially rapid just before melting 
took place. 
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(1) Beneficiation of Spodumene 

The U. S. Bureau of Mines has recently pub- 
lished an interesting report on spodumene! which 
may lead to the commercial production of spodu- 
mene in a pure form at a relatively low cost. The 
“decrepitation’’ process depends for its success 
on the formation of a heat-inversion product 
different in crystal form from the natural spodu- 
mene, which can be separated from the associated 
minerals by mechanical processes. This altered 
crystalline form, which evidently is not found in 
nature, is referred to as “beta spodumene”’ in the 
Bureau of Mines publication to differentiate it 
from the natural spodumene crystal. 


Note: Unfortunately the name, “beta spodumene,”’ 
has already appeared in the literature to identify another 
mineral of a different chemical composition. Brush and 
Dana, Amer. Jour. Sci., 20, 257 (1880) refer to “beta 
spodumene”’ as an alteration product of spodumene, which 
consists of a mixture of albite and eucryptite (LiAISiO,) 
and contains 3.50% of lithia. Under the circumstances, 
it would seem desirable to differentiate between these two 
materials. 

Experiments are now being conducted to deter- 
mine the effect of substituting the calcined 
spodumene obtained by decrepitation for the 
natural uncalcined spodumene in ceramic formu- 
las. 
Spodumene, in finely divided form, has the 
effect of increasing the gloss of many high-tempera- 
ture enamels. It is also being used to some ex- 
tent as a source of lithia and alumina in special 
glasses. 

Lepidolite, commonly called lithia mica, is a 
complex lithium-aluminum fluosilicate, K -Li- 
(Al,(OH-F))AI(SiO;)2 or LiKAIF,Si;0O,, with a 
theoretical lithium content of 6.4%. It varies 
considerably in chemical composition and lithia 
content, and careful mining supervision and 
chemical control of each lot of material is neces- 
sary to insure a uniform product suitable for 
ceramic consumption. It is usually sold on a 
guaranteed minimum content of 3% lithia for 
ceramic purposes. The average lithium content 
of seven recent shipments as received from the 
mines was 3.95% lithia. 

Lepidolite exerts a very powerful fluxing action 
because of its high percentage of potash, lithia, 
and fluorine. When added in small amounts to 
ceramic bodies, it is an effective mineralizer which 

1Foster Fraas and O. C. Ralston, “‘Beneficiation of 


Spodumene by Decrepitation,” Bur. Mines Rept. of 
Invest., No. 3336 (1937). 
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helps to promote rapid solution and sabsequent 
recrystallization. It is particularly effective when 
added in small amounts to high tale and magnesia 
bodies. 

Extensive use has been made of lepidolite in the 
manufacture of opal and special heat-resistant 
glasses. It is probably the most satisfactory and 
economical source of lithia for the glass industry, 
and it is available in sufficient quantity for large- 
scale commercial applications. 


Ill. Lithium Salts 

The presence of undesirable coloring impurities 
and the natural variation of the lithia content of 
the ores themselves have resulted in the substitu- 
tion of chemically prepared lithium compounds, 
especially the technical grade of lithium carbonate 
for use in such ceramic products as optical glass, 
enamels, glazes, and glass colors. One pound of 
lithium carbonate will replace ten pounds of a 
4%-bearing lithia ore. Where the actual cost of 
the raw material is secondary to absolute purity 
and uniformity, lithium carbonate is rapidly re- 
placing lithium ores. 

Lithium carbonate has many desirable physical 
properties. It melts more readily than sodium 
carbonate or potassium carbonate and forms 
eutectics with both of these compounds. The 
surface tension of molten lithium carbonate is 
lower than molten sodium or potassium carbon- 
ates. When used to replace lead oxide in a glaze 
or enamel, there is less tendency to vaporize and 
coat the kiln furniture with an undesirable glaze. 
This beneficial effect is especially noticeable 
above cone 2, and it has been used successfully to 
prevent the glazing of the inside of small, rapid- 
firing tunnel kilns in electrical porcelain produc- 
tion. 

The addition of 1% of lithium carbonate to 
dinnerware, electrical porcelain, and sanitary- 
ware glazes has been found to increase the result- 
ing gloss to a marked degree. In making this 
addition, however, it is necessary in some cases to 
adjust the glaze, inasmuch as the lithium carbon- 
ate produces a slight deflocculating effect. 
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Where fluorine is a constituent of the formula, 
lithium fluoride may be substituted for the carbon- 
ate, because the cost per pound of contained lithia 
is not much higher. 

Application has recently been made for a patent 
covering the use of fused lithium nitrate for 
etching glass. When fused lithium nitrate comes 
into contact with a soda-lime glass at a tempera- 
ture of 500°F or above for two to four minutes, a 
beautiful etching or frosting results that is com- 
parable to the best fluoride etch. 

Considerable experimental work has been done 
along this line, but no commercial application of 
this process has yet been made. Laboratory- 
scale operations, however, have been quite suc- 
cessful in several instances. 

Lithium carbonate is the most economical and 
widely used of the lithium compounds in ceramics. 


IV. Summary 

The chief advantages to be gained by the 
introduction of lithia in ceramic formulas may be 
summarized as follows: (1) it produces powerful 
fluxing effects, especially in conjunction with 
feldspar; (2) it is a valuable constituent in certain 
glasses having low thermal expansion, because it 
permits the total alkali content to be kept at a 
minimum; (3) it enables the production of certain 
glasses having high electrical resistance and 
desirable working properties; (4) a high content 
of lithia enables the production of glasses that 
transmit ultra-violet light; (5) it acts as a power- 
ful mineralizer in ceramic bodies; (6) when sub- 
stituted for lead oxide, there is less tendency for 
the glaze to vaporize; and (7) it reduces the ma- 
turing temperature and greatly increases the 
fluidity and gloss of glazes and enamels. 

As modern and efficient mining methods sup- 
plant the older and cruder operations and as new 
methods of concentrating are perfected and ap- 
plied, it should be possible to produce lithium ores 
of high purity at a cost that should encourage a 
larger consumption. 

Foots MINERAL COMPANY 
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INDUSTRY LEADERS PAY TRIBUTE 


to 


The American Ceramic Society 


In the April, 1938, issue of Glass Industry, the editor and publisher, J. T. 


Ogden, reviews “Forty Years of the American Ceramic Society.” 


The article 


appeared concurrently with the Fortieth Annual Meeting of the Society in New 

rleans, March 27-April 2, 1938. Accompanying the Glass Industry article 
were statements of presidents of four of the country’s large glass plants, in which 
they emphasized the value of the American Ceramic Society to the glass industry. 


Coming Gless Works 
Corning Glass Works sends heartiest congratulations to 
the American Ceramic Society on the occasion of its 
fortieth anniversary. The Society provides a worth-while 
forum for the discussion of technical problems related to 
ceramic industries, and Corning Glass Works wishes for it 
many years of continued activity and usefulness. 
—AmoryY HOUGHTON 


Libbey-Owens-Ford Glass Company 

The manufacture of glass started in this country in a 
small way. The road was not easy and many failures re- 
sulted, but perseverance won and the number of factories 
increased steadily. Technical information was either lack- 
ing or hard to secure. Contacts between glass men were 
few and far between. In the American Ceramic Society, 
however, an organization came into being, which aided in 
the exchange of information and published the results of 
extensive investigations which are invaluable to the glass 
technologist. Standard methods of testing glass and ce- 
ramic materials are being developed and improved; chemi- 
cal analyses have become more reliable; educational facil- 
ities for glass technologists are improving; these and 
many more advances, I believe, can be attributed directly 
or indirectly to the influence of the American Ceramic 
Society. 

Research, such as encouraged by the American Ceramic 
Society, has been an important factor in the progress made 
by the Libbey-Owens-Ford Glass Company; in fact, the 
Company was formed as the result of the successful com- 
pletion of a major research problem—the production of 
sheet glass drawn in the form of a continuous ribbon from 
a tank furnace. 

The Libbey-Owens-Ford Glass Company has continued 
to hold research in high esteem and as evidence of our faith 
in research, a new Technical Building will be completed 
with the next few weeks. This building, equipped with 
modern facilities for conducting research, will house the 
Chemical, Physical and Engineering Divisions of the 
Company; and problems pertaining to plastics, glass, re- 
fractories, and their production will be studied. 

—Joun D. BIGGERS 


Owens-Illinois Glass Company 
The Fortieth Annual Meeting of the American Ceramic 
Society being held this month recalls the great contribu- 
tion it has made in the past through encouraging the 
utilization of ceramic technology in industry. The prog- 
ress of this Society, particularly in recent years, is an in- 
dication of the even greater influence which it can exert 
in aiding the ceramic industries to make a more important 
place for themselves in the business of the future. 
—WiiuiaM E. Levis 


Pittsburgh Plate Glass Company 

The Pittsburgh Plate Glass Co., wishes to felicitate the 
American Ceramic Society on its fortieth anniversary. 
Starting modestly as most worth-while projects do, it has 
grown soundly to a mature institution of solid value. The 
fact that its growth and success depends entirely upon the 
unselfish codperation of its members speaks impressively 
of its membership. 

Our Company has recognized the value of research in 
glass and refractories, as evidenced by our research activ- 
ities of the past four decades. This has been further em- 
phasized by our recent expansion of those activities. One 
of the prime reasons for our past and present interest in 
research is our determination to provide the consumer 
market with the best products available in our field 
Coupled with this is our equal determination of develop- 
ing new products that will further enhance the well-being of 
humanity. The prosecution of these aims is definite evi- 
dence of a recognition of our obligations to mankind. 

Individuals of our organization have given freely of their 
energies in service to the American Ceramic Society, and 
we feel that this contribution has been of mutual value. 
It is with sincerity that we hope the next half century will 
mark as much progress in the activities of the American 
Ceramic Society as the last forty years have shown. 

—H. S. WHERRETT 
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Abrasives 
Werkstatt Betrieb, 70, 180-83 


Determination of size of fine abrasive powders. Com- the disk. W. FRanrz. 
parative study of microprojection and sedimentation 
methods. FRANK L. Jones. Ind. Eng. Chem., Anal. 
Ed., 10 [1] 45-47 (1938).—The determination of the 
particle size of fine abrasive powders by a microprojection 
method is described in detail. J. considers differences in 
size-distribution curves which were prepared for aluminum 
oxide abrasive powders using the conventional micropro- 
jection method and a common sedimentation method. 
The two methods are compared, and the advantages of 
each are discussed. F.G.H. 

Finishing spindle carrier hole by grinding. Frep L. 
Prentiss. Jron Age, 140 [20] 38-41 (1937).—The time of 
finishing holes has been reduced 500 to 600% by substitut- 
ing boring for grinding. Closer tolerances and more accur- 
ate alignment are also obtained. Finish boring of drilled 
holes is done with a Carboloy-tipped tool. E. H. McC. 

Grinding microscopic specimens on a lead disk with 
fixed abrasive. Kurt AmBerc. Jernkontorets Ann., 121, 
603-14 (1937); Chem. Abs., 32, 1062 (1938).—The lead 
disk is covered by a layer of varnish in which the abrasive is 
dispersed. The surface can be renewed by moistening with 
a soft brush dipped in benzene. Tungsten carbide powder 
is used for fine grinding. The method is suitable for diffi- 
cult grindings such as the preparation of specimens for 
studying slag inclusions. 

Grinding and polishing of synthetic materials. F. Oxnv. 
Oberflichentech., 14 [18] 183-85 (1937).—O. describes 
polishing methods and agents, their manufacture, and fields 
of application for artificial plastic materials made of casein, 
albumen, hides, tar, cellulose, ketones, aldehydes, phenols, 
etc. M.H. 

Investigation of the grinding process of corundum 
abrasives with a ceramic bond. Effect of the hardness of 


(1937); abstracted in Chem. Zenir., 1937, ii, 4372. 
M.V.C. 


PATENTS 


Abrasive article and manufacture thereof. Norton 
GRINDING WHEEL Co., Ltp. (Norton Co.). Brit. 479,703, 
479,789, and 479,790, Feb. 23, 1938 (Dec. 15, 1936). 

Abrasive article and method and apparatus for manu- 
facturing. CarBoruNDUM Co. Brit. 479,767, Feb. 23, 
1938 (Sept. 5, 1935). 

Abrasive material. P. M. Pautson (E. I. du Pont de 
Nemours & Co.). U.S. 2,111,272, March 15, 1938 (Aug. 
18, 1936). A flexible abrasive article comprises a flexible 
base, abrasive grains, and a bond for securing the abrasive 
grains to the base, the bond comprising polyvinyl alcohol 
and an insolubilizing agent therefor. 

Abrasive product and method of manufacturing. N. P. 
Rosie (Carborundum Co.). U. S. 2,111,006, March 15, 
1938 (Dec. 10, 1936). An abrasive article comprising 
abrasive grains and a solidified binder comprising a poly- 
merized vinyl compound containing sufficient hydroxyl 
groups to be self-dispersible in water. 

Abrasive wheel and mount therefor. H. S. INpcs 


(Norton Co.). U. S. 2,110,086, March 1, 1938 (June 25, 
1935). 
Abrasive wheels. DevutscHe Norton-Ges.M.B.H. 


Ger. 648,232, July 27, 1937; Cl. 80d. 11; Chem. Abs., 31, 
7212 (1937).—An abrasive »-heel comprises concentric 
zones of granular material united by binders of similar or 
identical composition, the zones being so composed that 
the inner zone has a higher mechanical strength than the 
outer zone, while both zones have about the same modulus 
of elasticity (within the ratio 1 : 2.6), coefficient of expan- 
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sion, and shrinkage characteristics. These results are ob- 
tained by using, in the inner zone, an abrasive of finer 
grain and (or) a higher proportion of binder and (or) a 
more easily vitrified ceramic binder. Examples are given. 

Alumina and sodium hydroxide. S. P. Kametskil anp 
P. F. KasHcupev. Russ. 42,993, May 31, 1935; Chem. 
Abs., 31, 7202 (1937).—Clay is first treated at 550° and 
then, together with (NH,)2SO,, at about 400°. The product 
is treated with water and the solution treated with CaF, 
to form Al fluoride + sulfate; this is decomposed in the 
presence of NH; and water with the formation of alumina 
and NH,F. The later is converted into NaF by means of 
NaCl and is then causticized with lime. 

Apparatus for lapping. L. F. Nennincer (Cincinnati 
Milling Machine Co.). U. S. 2,111,271, March 15, 1938 
(July 12, 1935). 

Blind end cylinder honing machine. F. A. SWANSON 
(Barnes Drill Co.). U.S, 2,108,354, Feb. 15, 1938 (June 8, 
1935). 

Buffing or polishing wheel. E. W. Hatt. 
966, Feb. 22, 1938 (Jan. 29, 1937). 

Cam grinding device. C. J. Green (Norton Co.). 
U. S. 2,109,386, Feb. 22, 1938 (Nov. 17, 1937); continua- 
tion of application Serial No. 60,477 and 60,478, Jan. 23, 
1936. 

Cleaning and polishing block. J. J. Kennepy (Cham- 
berlain Co., Inc.). U.S. 2,108,405, Feb. 15, 1938 (Aug. 
17, 1935). Ina block of the character described, the block 
contains coarse aggregate pumice, fine natural pumice, 
magnesite, and one of a group comprising oxychloride 
cement and oxyphosphate cement. 

Cutter sharpening machine. W. E. Syxes. U. S. 
2,108,239, Feb. 15, 1938 (Feb. 8, 1934). 

Dense nonmetallic bodies. J. A. Boyer anp C. G. 
Ross (Carborundum Co.), U.S. 2,109,246, Feb. 22, 1938 
(July 28, 1936). 

Device for dressing grinding wheels with shouldered 
profile. ForTuNA-WERKE SPEZIALMASCHINENPABRIK AKT. 
Ges. AND H. Danner. Brit. 479,179, Feb. 16, 1938 (May 
18, 1937). 

Drill grinder. C. E. Apams. 
1938 (March 3, 1936). 

Fibrous buff. L. M. Hacuve (Hanson-Van Winkel- 
Munning Co.). U. S. 2,108,985, Feb. 22, 1938 (Dec. 2, 
1936). 

Finishing surfaces of gear teeth. Brown & Sons (D. 
Huddersfield, Ltd., and H. E. Merritt). Brit. 480,247, 
March 2, 1938 (June 13, 1936). 

Flexible-backed abradants. British THomson-Hovs- 
Ton Co., Ltp. Brit. 479,820, Feb. 23, 1988 (May 16, 
1936). 

Gear lapping machine. E. R. NyLanp (General Motors 
Corp.). U.S. 2,108,547, Feb 15, 1938 (Feb. 13, 1935). 

Grinding device. JosepH Hrrpar. U. S. 2,109,292, Feb. 
22, 1938 (July 20, 1936). A grinding implement comprises 
an elongated frame equipped at its upper end with a 
crank-shaft bearing, a flexible endless belt of abrasive 
material mounted on a roller journalled in the frame, 
means for driving the belt, and means for adjusting the 
belt toward and away from the crank shaft. 

Grinding device. A. W. Wacker (Carborundum Co.). 
U. S. 2.108.630, Feb. 15, 1938 (July 27, 1936). A grinding 
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U. S. 2,109,308, Feb. 22, 
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wheel comprises a homogeneous bonded abrasive disk, a 
rigid segmental framework embedded in one face of the 
disk. 

Grinding instrument for use in dental work H. P. 
COUSSEMENT AND Fioris Capretre. U. S. 2,109,086, 
Feb. 22, 1938 (May 15, 1936). 

Grinding machine. R. H. Cramer (General Motors 
Corp.). U.S. 2,109,524, March 1, 1938 (Jan. 11, 1935). 
Jones & Lamson Macuine Co. Brit. 478,757, Feb. 9, 
1938 (Oct. 25, 1935). C. H. Kascu (Micro-Westco, Inc.). 
U. S. 2,110,441, March 8, 1938 (Oct. 10, 1934). HerBert 
VANDERBEEK (Timken Roller Bearing Co.). U.S. 2,109,- 
600, March 1, 1938 (Oct. 5, 1934). 

Grinding wheel mounting. H. W. H. Bern (Norton 
Co.). U.S. 2,110,619, March 8, 1938 (Jan. 4, 1936). 

Hard carbide composition. J. A. Boyer anp C. G. 
Rose (Carborundum Co.). U. S. 2,108,794, Feb. 22, 1938 
(March 23, 1935). As a new manufacture, a fused carbide 
composition consists essentially of boron carbide and silicon 
carbide, in which silicon carbide is present as a separate 
crystalline phase which has solidified from a fused mass. 

Hone. H. L. Bioop (Heald Machine Co.). U. S. 
2,110,756, March 8, 1938 (March 20, 1936). 

Knitted buffing wheel. S. W. Lrerirr. U.S. 2,109,905, 
March 1, 1938 (Dec. 24, 1936). 

Lapping machine. R.S. Drummonp. U. S. 2,111,045, 
March 15, 1938 (Aug. 7, 1935). A gear finishing ma- 
chine frame. 

Machine tool. H. I. Dyer anp O. J. W. HepituNpD 
(Eaton Mfg. Co.). U.S. 2,110,931, March 15, 1938 (Oct. 
23, 1935). In a machine tool, the combination of a maga- 
zine for supporting a plurality of articles and successively 
actuable to feed the articles to and away from a working 
position, chucking mechanism located at the working posi- 
tion and adapted to support an article in coéperative rela- 
tion to a tool. 

Machine tool for grinding and cutting metal. W. 
Sprers, T. A. Sprers, E. Sprers, anp A. Guaye. Brit. 
478,755, Feb. 9, 1938 (Oct. 8, 1936). 

Making composite abrasive article. A. L. Batt AND 
A. G. Scutr (Carborundum Co.). U.S. 2,110,143, March 
8, 1938 (March 23, 1935). 

Manufacture of abrading or cutting tools of hard metal. 
F. Etsner. Brit. 480,157, March 2, 1938 (July 2, 1936). 

Manufacture of covers for abrasive tools. FRANK 
Nown (United Shoe Machinery Corp.). U. S. 2,110,937, 
March 15, 1938 (Jan. 15, 1937). 


Manufacture of flexible abrasive article. R.C. Bryant 


(Carborundum Co.). U. S. 2,108,645, Feb. 15, 1938 
(March 18, 1933). 
Means for sharpening drill. E.G. C. Barron. Brit. 


479,651, Feb. 23, 1938 (April 22, 1937). 

Method of coating and apparatus therefor and product. 
E. C. Scnacut (Behr-Manning Corp.). U.S. 20,660, Feb. 
22, 1938 ( Dec. 27, 1937); reissue of original U.S. 2,027,307, 
Jan. 7, 1936. 

Polishing composition. L. W. SxHuGeEr (Baltimore Paint 
and Color Works, Inc.). U. S. 2,108,214, Feb. 15, 1938 
(March 12, 1936). An emulsion polishing composition 
highly resistant to weather ravages comprising, as a luster 
restorer, an odorless stearine-free fish oil and, as a lubri- 
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cator and cleanser, mineral oil and water, and in which the 
water is the continuous phase. 

Polishing wheel. S. W. Liprrrr. U. S. 2,109,906, 
March 1, 1938 (Dec. 24, 1936). 

Portable surface grinding machine. E. G. Morrerr. 
U. S. 2,109,827, March 1, 1938 (May 12, 1937). 

Producing hard cemented carbide composites. G. J. 
Comstock. U. S. 2,108,797, Feb. 22, 1938 (Jan. 22, 1935). 
In the sintering process for producing articles of razor-edge 
sharpness, the steps of controlling the hardness of the pre- 
sintered composite comprise mixing hard metal carbides 
with a cementing metal in powdered form, applying a 
pressure of more than 60,000 Ib./sq. in. to the composite, 
applying a controlled presintering temperature just short 
of the final sintering temperature and varying in accord- 
ance with the hardness desired, working the composite to 
form fine-edge blades, and thereafter applying a final sin- 
tering temperature. 

Roll grinding machine. H. J. Grirrinc (Norton Co.). 
U. S. 2,108,310, Feb. 15, 1938 (Dec. 20, 1935). 
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Sanding machine. T. F. Brackxerr (General Motors 
Corp.). U.S. 2,108,193, Feb. 15, 1938 (Oct. 30, 1936). 

Sanding and polishing machine. C. J. Lirpoip (J. M. 
Nash Co.). U.S. 2,109,069, Feb. 22, 1938 (June 24, 1935). 

Shellac-bonded abrasive article. R.H. Martin (Norton 
Co.). U.S. 2,110,630, March 8, 1938 (Nov. 25, 1935). An 
abrasive wheel comprises a body of abrasive grains united 
by a bond of shellac containing an insoluble fluoride incor- 
porated directly therein which is capable of and propor- 
tioned for giving greater stiffness to the shellac bond and 
causes cooler grinding under normal and otherwise con- 
stant conditions. 

Table surfacer. R C. Muzzo. U.S. 2,111,052, March 
15, 1938 (April 9, 1936). 

Tool carriers for boring, grinding, and like machine 
tools. A. H. Srevens (Leland Electric Co.). Brit. 480,- 
317, March 2, 1938 (Aug. 17, 1936). 

Ventilated buffing wheel. Harry Zimmerman. U. S. 
2,110,494, March 8, 1938 (Feb. 16, 1937). 


Art and Archeology 


Collections of old glass and ceramic work in Wiirzburg. 
Rupo.r Scumipt. Glastech. Ber., 15 [12] 465-67 (1937). 
J.F.H. 
Evaluating work, especially glass art work. W. WaAGEN- 
FELD. Glastech. Ber., 15 [5] 173-77 (1937). J.F.H. 
Exhibition of stained glass. Heten Comsrock. Con- 
noisseur, 101 [438] 94-96 (1938).—The Van Baarn galler- 
ies were opened with an exhibition of stained and painted 
glass from the 12th Century to the close of the 16th Cen- 
tury. Twenty-seven panels, mostly of French origin, 
represented the evolution of ecclesiastical and secular glass 
in Europe. While the range of color in glass was much 
greater after the discovery of oxide stains and translucent 
enamels, the glass of the 12th and 13th centuries is rich in 
effects gained by the variation of a single tone, achieved by 
the use of uneven thickness for the small pieces of glass. 
M.E.P. 
Form and decorativeness of glass from the viewpoint of 
hand or industrial production. W.Lorz. Glastech. Ber., 
15 [10] 384-89 (1937). J .F.H. 
Glassware. ANoNn. Design, 39 [8] 25 (1938).—Early 
American glass bottles, enameled tumblers and a flask 
from the factory of Baron Stiegel, three early Ohio blown- 
glass bottles, and two pieces of molded Stiegel glass are 
illustrated. M.E.P. 
“Lion” jewel: a work of Corvinianus Saur in the pos- 
session of Lord Fairhaven. CuHaries R. Bearp. Con- 
notsseur, 101 [438] 72-75 (1938).—B. describes the richly 
splendid Renaissance “Lion” jewel which shows on the 
reverse side of its setting the technique of translucent 
enamels on gold as known and used by Corvinianus Saur, 
court goldsmith to King Christian IV of Denmark, in the 
years 1591 to 1597. Illustrated. M.E.P. 
Nal pottery. N.G. Mayumpar. Proc. Indian Sci. 
Congr., 25th Congr., 1938, Part 3, pp. 195-96.—In 1903 a 
number of polychrome vases bearing geometric patterns 
were discovered in the Sohr Damb mound at Nal in the 
Kalat State of Baluchistan and subsequently sent to the 
McMahon Museum at Quetta. An account of it by John 


Marshall was published in Archaeological Survey of India, 
Ann. Rept., 1904-1905. In 1925 a systematic exploration 
of the site resulted in the discovery of prehistoric burials, 
and from them were recovered further examples of the same 
polychrome pottery. Since then it has received further 
attention from scholars in connection with the discoveries 
at Mohenjo-daro and other sites of the Indus valley. Dur- 
ing M.’s exploration in Western Sind in 1929-30 and 1930- 
31, polychrome vases with geometric patterns, which re- 
call to some extent the Nal examples, were excavated at a 
number of sites. This has necessitated a fresh study of the 
Nal pottery. A major part of the Quetta collection has 
been transferred to the Indian Museum, Calcutta. M. 
attempts tentatively to indicate the position in order of 
sequence of this pottery and of the kindred ware from Sind 
and Baluchistan. Further excavations and researches in 
this terrain are suggested to obtain a more definite idea 
of their sequence. A.PS. 

Newcomb Art School. ANon. Ceram. 
Soc., 17 [3] 121 (1938). 

Pottery: Czechoslovakia. ANon. Design, 39 [7] 24-25 
(1938).—The earliest Czechoslovak ware known is earthen 
vessels and fired tile glazed with simple transparent lead 
glazes. The enamel-painted ceramics probably were not 
known until the 16th Century under the influence of the 
Italian Renaissance when majolica was introduced. The 
Haban pottery of that time was named after a troup of 
Anabaptists who were exiled from Germany. The Sobo- 
tiste ware was famous for a bluish white glaze and good 
forms. The glaze used in the second half of the 19th 
Century was yellow-gold. Slovak majolica is rare because 
of its rich colors and its technical perfection. See Ceram. 
Abs., 12 [4] 165 (1933). M.E.P. 

Pottery development work in Mexico. B. W. THorn- 
GaTeE. Bull. Amer. Ceram. Soc., 17 (3) 157-58 (1938). 

Realization of the efforts of the technical group, “glass 
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art work.” B. Kinpr. Glastech. Ber., 15 [5] 177-83 
(1937). J.F.H. 
Samian ware (terra sigillata). M.V.Tayior. Antig- 
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uity, 12, 103 (1938).—F. O. Waage’s protest against the 
misuse of the word “‘Samian” (ibid., 11, 46 (1937)) is 
timely. The ware made in Gaul should be known as 
Gaulish varnished ware or Romano-Gaulish varnished 
ware. The term “‘sigillata’’ should not be used for pottery 
which is not stamped. A.BS. 
Selenium pink as a glass color and its modification by 
rare earths. J. Lérrier. Glastech. Ber., 15 [10] 389-93 
(1937).—The cullet-batch ratio must be kept constant to 
produce uniform selenium colors. The correct degree of 
oxidation must be determined with the proper melting 
conditions, including cullet-batch ratio. The use of cerium 
oxide makes possible any degree of oxidation without 
after effects on the color. Cerium oxide containing neo- 
dymium is preferred, since small amounts of the latter cover 
up brownish tints, strengthen the color, and shift it toward 
a purer red. Saltpeter should chiefly be used for fining, 
using 1 to not more than 5 kg./100 kg. sand. Some 
sulfate can be used advantageously but should be kept 
down usually to 200 to 500 g./100 kg. sand. Boric acid 
can be used satisfactorily to soften a selenium glass. 
J.F.H. 
Tulip ware. Anon. Design, 39 [8] 12 (1938).—The art 
of pottery making which the Pennsylvania Germans 
continued when they settled here produced a great variety 
of ware because the potteries were small and isolated. 
The two main types of ware, common and presentational, 
were made of simple materials. Common red-firing clay 
was used for the body, and cream-colored clay thinned 
with water was used for the slip. The glaze was composed 
of a mixture of clay and red lead or galena. For elaborate 
pieces, the glaze was colored with copper and manganese. 
A complete list and description of the primitive imple- 
ments used are given. To prevent any unevenness on the 
surface of the flatware, the slip decoration was traced on 
the clay disk and pounded with the “‘batter’’ before mold- 
ing. Illustrated. See Ceram. Abs., 11 [7] 399 (1932); 
“De Forest—,” tbid., 14 [2] 29 (1935). M.E.P. 
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Coating pottery. Scuirre A.-G. TONINDUSTRIE 
(Theodor Schumann, inventor). Ger. 650,375, Sept. 20, 
1937; Cl. 80b. 23.03; Chem. Abs., 32, 1066 (1938). Addi- 
tion to Ger. 626,112 (Ceram. Abs., 15 [8] 249 (1936)).— 
Coatings having a terra sigillata appearance are produced 
on pottery by a modification of the process of Ger. 626,112, 
in which, in place of a peptized clay sludge having a specific 
gravity of 1.2 or less, use is made of a peptized clay sludge 
having an initial viscosity of about 10 centipoises or less. 
The sludge is allowed to stand for about 24 hr., decanted, 


Chemical constitution of Portland cement and develop- 
ment of its technical properties. Introduction to the study 
of special cements. Micuer J. M. Jaspers. Rev. Ma- 
tériaux Construction Trav. Publics, No. 327, pp. 273-77 
(1936); No. 328, pp. 10-13; No. 329, pp. 29-32; No. 330, 
pp. 58-60; No. 331, pp. 82-84; No. 332, pp. 98-104; No. 
333, pp. 126-31; No. 334, pp. 146-52 (1937); see Ceram. 
Abs., 16 [3] 82 (1937). M.V.C. 
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and then applied as described in Ger. 626,112, a relatively 
low firing temperature (about 600°) being used until 
chemically combined water has been removed. 

Decorative enamel. Micreor Freres. Fr. 813,737, 
June 8, 1937; Chem. Abs., 32, 1068 (1938).—Powder or 
flakes of mica, nacre, or other brilliant products infusible 
at the softening temperature of the enamel are added to 
ename to give a decorative effect. 

Designs for: 

Bottle. G. M. Cievencer (Maryland Glass Corp.). 

U. S. 108,778, March 15, 1938 (Jan. 20, 1938). E. W. 

Fuerst (National Distillers Products Corp.). U. S. 

108,593, Feb. 22, 1938 (Dec. 13, 1937). W.R. Kont. 

U. S. 108,449, Feb. 15, 1938 (July 10, 1937). P. G. 

Luioyp (Carr-Lowrey Glass Co.). U. S. 108,451, Feb. 

15, 1938 (Aug. 3, 1937). F. J. Perry (Ball Bros. Co.). 

U. S. 108,795, March 15, 1938 (Sept. 16, 1937). F. J. 

Petty (Godefroy Mfg. Co.). U.S. 108,796, March 15, 

1938 (Jan. 20, 1938). 

Building block. F. E. Poortinca (Redfield Brick & 

Tile Co.). U.S. 108,455, Feb. 15, 1938 (Dec. 27, 1937). 

Glass. M.O. HANSEN (Libbey Glass Co.). U.S. 108,- 

746, March 8, 1938 (July 17, 1937). 

Glass jar. R. H. Datras (Glass Containers, Inc.). 

U. S. 108,592, Feb. 22, 1938 (Dec. 27, 1937). 

Goblet. R. R. (United States Glass Co.). 

U. S. 108,698, 108,699, and 108,748, March 8, 1938 (Jan. 

22, 1938). U.S. 108,700, March 8, 1938 (Jan. 28, 1938). 

U. S. 108,787, March 15, 1938 (Jan. 28, 1938). U.S. 

108,790, March 15, 1938 (Jan. 29, 1938). 

Jar. W. L. Kennepy (Crosse and Blackwell Co.). 

U. S. 108,594, Feb. 22, 1938 (Jan. 13, 1938). 

Jug. Lorenzo Cetra (Roma Wine Co., Inc.). U. S. 

108,591, Feb. 22, 1938 (Dec. 28, 1937). 

Mixing bowl. A. E. Hutr. U. S. 108,445, Feb. 15, 

1938 (Nov. 4, 1937). 

Plate. R. R. (United States Glass Co.). 

U.S. 108,789, March 15, 1938 (Jan. 28, 1988). 

Relish tray. R. A. Keiiy (United States Glass Co.). 

U. S. 108,447, Feb. 15, 1938 (Nov. 11, 1937). 

Stemmed goblet. (Bryce Bros. Co.). 

U. S. 108,557, Feb. 22, 1938 (Jan. 17, 1938). U. S. 

108,741, March 8, 1938 (Feb. 1, 1938). 

Tray. R.A. Ke.ry (United States Glass Co.). U. S. 

108,448, Feb. 15, 1938 (Dec. 2, 1937). 

Tumbler. R. R. (United States Glass Co.). 

U. S. 108,788, March 15, 1938 (Jan. 28, 1938). 

Screen stencil and method of making. W. D. Bei. 
(Solar Laboratories). U. S. 2,110,319, March 8, 1938 
(July 22, 1935). 


Colored Portland cements. M. Ya. BycuxKov anp K. S. 
ZATZEPIN. Tsement, 5 [8] 27-32 (1937).—An addition of 
chrome oxide to the white cement mixture forms, on firing, 
a green silicate mineral which has higher refractive proper- 
ties than ordinary clinker minerals. Positive results are 
obtained by replacing the oxide with K,Cr,O; and KCrQ,. 
The cement obtained is of a good quality and of standard 
properties. P.B. & E.S. 
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Determination of degree of hydration of cements. 
ANTONI E1cer. Rev. Matériaux Construction Trav. Publics, 
No. 335, pp. 161-65; No. 336, pp. 187-92 (1937):—E. 
found that all data, e.g., cement quality, time of hardening, 
and quantity by unit of volume, may be replaced by one 
“‘quasi universal’’ characteristic for all Portland cements, 
that of the degree of hydration; this is equivalent in prac- 
tice to the quantity of hydrosiliceous gel developed under 
the conditions given. A literature index is included. 
M.V.C. 
Investigations on celite: IV-VII. Yosuiaki SANapDA. 
Jour. Soc. Chem. Ind. Japan, 40 [11] 395B; [12] 461-62B 
(1937); 41 [1] 8-OB (1938).—The effect of iron modulus on 
clinkering of the raw mix and the testing of cements with 
an iron modulus of 0.3 to 0.5 are discussed. For Parts 
II-III see Ceram. Abs., 16 [5] 143 (1937). M.V.C. 
Magnesia of Portland cement: III-VII. Y. Sanapa. 
Jour. Soc. Chem. Ind. Japan, 40 [7] 244-46B; [11] 396- 
97B; [12] 460-61B (1937); 41 [1] 10B (1938).—The 
synthesis of MgO-SiO, and 2MgO-SiO, and the effect of 
magnesia on the synthesis of calcium silicates were studied. 
For Part II see Ceram. Abs., 16 [6] 167 (1937). M.V.C. 
Minor constituents in Portland cement clinker. HeEr- 
BERT INSLEY AND Howarp F. McMurprge. Jour. Re- 
search Nat. Bur. Standards, 20 [2] 173-84 (1938); R.P. 
1074. Price 10¢.—The optical and structural properties 
of some minor phases in Portland cement clinker, as ob- 
served in thin sections, polished sections, and a new type 
of polished thin section, are recorded. The similarity of 
such phases to those found in laboratory preparations is 
pointed out. Methods of determination of free CaO, 
free MgO, “‘light’”’ interstitial material, and ‘dark’ in- 
terstitial material are given. The “‘light”’ interstitial 
material is shown to be 4CaO-Al,O;-Fe,O;. There are 
three kinds of ‘‘dark” interstitial material which have 
properties of (1) glass, (2) 3CaO-Al,Os;, and (3) a prismatic 
crystalline material. The prismatic crystalline material 
apparently is a compound of the alkalis with some of the 
other oxides in the clinker. Glass is found in the majority 
of Portland cement clinkers. At present it is impossible 
to calculate precisely the compound composition from 
chemical analyses because of the lack of knowledge of 
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Acid-stable and nonpoisonous enamel. 
BACH. Glashiitte, 67 [4] 647-49 (1937).—The most suit- 
able raw materials for the production of acid-stable and 
nonpoisonous enamels are cryolite, fluorspar, and quartz, 
calcite (up to 30%), magnesium carbonate, clay (up to 
10%), etc. Cerous oxide is recommended as opacifier. 
Hair cracks in acid-stable enamels are avoided when the 
melting point of the ground coat is higher than that of the 
coat enamel by at least 50°. 

M.V.C. 

Acid-stable enamel. Emailwaren-Ind., 14 
[41-42] 28-789 (1937).—In answer to the paper of Otters- 
bach (see preceding abstract), V. maintains that the extent 
of the acid attack on an enamel depends on the ratio of 
refractory constituents (feldspar and quartz) to that of 
fluxes (borax and soda). The ratio of feldspar + quartz 
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cooling conditions, the effect of minor constituents on 
phase relations, and other variables. R.A.H. 


BULLETIN 


Effect of Na,O, CaO, and MgO on ash fusion tempera- 
ture using synthetic coal ash. Tuomas Ester, Harry 
SELTz, AND WILLARD J. OsBorn. Carnegie Inst. Tech., 
Codp. Bull., Mining & Met. Invest., No. 74, 14 pp. (1937). 
Price 25¢.—Synthetic ash was made from kaolin and pure 
forms of SiO., FexO;, CaSO, or CaCO, and Na,;CO;. Of 
18 ashes studied, the natural and synthetic ash fusion 
temperatures checked within 51°F in 15 cases. A satisfac- 
tory correlation of ash fusion temperature and composition 
was established by considering the ash as a four-com- 
ponent system of Al,O;, SiO., Fe:O;, and CaO. The effect 
of MgO was identical with that of CaO up to 10% and 
can be summed with the CaO. To correct for alkali 
present, the fusion temperature should be reduced 50°F 
for each percentage of Na,O present. The CaO fusion 
temperature relation is practically linear up to 5% with a 
50°F decrease for each percentage of CaO; the behavior 
was found to be irregular above 5%. B.C.R. 
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Cement manufacture. MIKAEL VOGEL-JORGENSEN 
(F. L. Smidth & Co.). Can. 371,674, Feb. 1, 1938 (Sept 
3, 1936). G.M.H. 

Cement manufacture. MIKAEL VOGEL-JORGENSEN 
(F. L. Smidth & Co.). U.S. 2,111,517, March 15, 1938 
(Sept. 3, 1936). A method of producing slurry for use in 
cement manufacture comprises adding a foam-generating 
substance to a mixture of cement raw materials and water 
and agitating the mixture until it is converted into foam. 

Cement production. Can. 371,739, Feb. 
1, 1938 (Feb. 26, 1937). G.M.H. 

Gypsum composition. T. P. Camp (Canadian Gypsum 
Co., Ltd.). Can. 371,292, Jan. 18, 1938 (May 28, 1937; in 
U. S., June 20, 1936). G.M.H. 


Magnesium oxychloride production. FRitz WIENERT 
(Magnesium Elektron, Ltd.). 
1938 (Dec. 18, 1936). 


Can. 371,478, Jan. 25, 
G.M.H. 


to that of borax must be larger than 2; a value of 3 is 
better. See Ceram. Abs., 16 (8] 235 (1937). M.V.C. 
Attack of water on enamels. Vie._HaBer. Emailwaren- 
Ind., 14 [47] 323-24 (1937).—Experiments showed that 
water slowly dissolved the borax content and, to a lesser 
degree, the soda content of the enamel. Borax is not a 
suitable material for acid-stable enamels and should be 
partially replaced by soda. M.V.C. 
Borosilicate frit for enamel. Watter Osst. Emaii- 
waren-Ind., 14 [49] 337-38 (1937).—O. discusses present- 
day literature on the effect of borax in enamels. A patent 
of Nélling (Ger. 653,230), in which the borax or boric acid 
content of the enamel is partly or completely replaced by 
a strontium-calcium-magnesium-borosilicate, is analyzed. 
M.V.C. 
Calculation of the coefficient of expansion of enamels. 
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VrecnaBBR. Emailwaren-Ind., 14 [50] 345-46 (1937).— 
Difficulties encountered in the calculation of the coefficient 
of expansion of enamels are discussed. Tables showing the 
calculated and actual values are given. M.V.C. 
Chemistry of silica. Vie_naper. LEmailwaren-Ind., 14 
[50] 348-49 (1937).—The types of silica used in the 
enamel industry, silica compounds, and their formation 
are briefly discussed. See ‘‘Silica,’’ Ceram. Abs., 16 [3] 98 
(1937). M.V.C. 
Chilling enamel. Vie.HaBer. Emailwaren-Ind., 14 
[46] 316-17 (1938).—When enamel is melted in a tank 
furnace, difficulties are encountered in chilling it. Meth- 
ods used at present are briefly dealt with. M.V.C. 
Cleaning metallic surfaces. C.B.F. Younc. Jron Age, 
140 [16] 185-88, 190, 192, 194-200; [17] 40-43 (1937).— 
Y. classifies and briefly describes various methods and 
gives a survey of the methods and advantages of sand- 
blasting and tumbling. See ‘“‘Metal—,’’ Ceram. Abs., 16 
{11] 330 (1937). E.H.McC. 
Coat glazes. Evmailwaren-Ind., 14 [50] 
346-48 (1937).—Coat glazes (1) must be weather-stable, 
(2) must have the highest possible luster, (3) can not be 
difficult to melt, (4) must not affect colors, and (5) must 
not be opaque. Several batches are analyzed. To obtain 
blue color tones, from 0.1 to 0.2% cobalt oxide may be 
added. M.V.C. 
Control of pickling bath. Vie._naper. Beizerei (in 
Emailwaren-Ind., 14 [47]}), 2 [11] 42-44 (1937).—Methods 
of keeping the pickling bath warm and of analyzing the 
concentration of pickling and neutralizing baths are dis- 
cussed. M.V.C. 
Effect of boiling acids on enamels. VieLHaBer. Email- 
waren-Ind., 14 [41-42] 285-86 (1937).—V. discusses 
various methods used to determine acid stability of 
enamels, with special emphasis on the experiments of E. E. 
Bryant (Jour. Amer. Ceram. Soc., 20 [10] 317-19 (1937)). 
M.V.C. 
Enameling copper ware. VIELHABER. Emailwaren- 
Ind., 14 [43] 298-99 (1937).—The enameling of ornamental 
or artistic copper ware is described. The ware has etched 
or engraved designs which are filled up with the so-called 
cell enamel. Transparent or opaque enamels adhere to 
copper only when their expansion is adapted to that of 
copper. White enamels for sheet iron can usually be used 
without ground enamel. Not all enamels melt at the same 
temperature; black and blue enamels are usually more 
easily melted than green and red enamels. M.V.C. 
Grain size of raw materials. Vie.Haser. Emailwaren- 
Ind., 14 [44-45] 304-305 (1937).—Quartz may be ground 
coarser (0.12 to 0.14 mm.) for ground enamels but much 
finer (0.05 to 0.09 mm.) for coat enamels. Feldspar with 
a grain size of 0.12 mm. diameter has the highest melting 
rate; the grain size of calcite may be 0.43 mm. because of 
the dissociation of carbonate which promotes a more rapid 
reaction. M.V.C. 
Grinding enamel. Vie_HaserR. Emailwaren-Ind., 14 
(34] 237-38 (1937).—V. discusses factors affecting the 
grinding of enamel, such as duration, temperature, raw 
materials, etc., and their effect on enamels. See Ceram. 
Abs., 16 [5] 144 (1937). M.V.C. 
Improving damaged enamel coats. ALDINGER. Glas- 
hiitie, 67 [46] 710-11 (1937).—The damaged places in the 
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enamel coat are cleaned and the same kind of enamel 
powder is sprayed over it by compressed air; the 
enamel powder is simultaneously heated. Hard enamel 
lacquer can be applied on the damaged places. Special 
cement with a water-glass base can also be used. M.V.C. 
Installation for cleansing sheet iron. Orro VoceEL. 
Beizerei (in Emailwaren-Ind., 13 (35]), 1 [2] 6-7 (1936).— 
Details of construction of a special washing machine for 
cleansing sheet iron are given. M.V.C. 
Metal deposition in arc welding. G.E. Doan. Welding 
Jour. (N. Y.], 17 [1] Supp. 15-19 (1938).—D. describes 
fundamental research in which a study of the drop forma- 
tion on the end of the metal electrode has been paralleled 
with the drop formation of liquids at the end of the capil- 
lary tube. Results and mathematics indicate that a re- 
duction of surface tension of molten steel in the arc would 
reduce drop size and increase the melting rate and efficiency 
of the welding current. Additions of various metals were 
made to the electrode coating, the most successful addi- 
tion and method being metal spray of Sb directly to the 
bare rod surface. Oscillograms show greater drop fre- 
quency and less short circuiting with this method. 
W.H.B. 
Mill additions containing oxides. ViELHABER. Emaii- 
waren-Ind., 14 [41-421 286-87 (1937).—V. discourages the 
addition of metallic oxides to the mill but recommends 
adding them directly to the enamel melt to improve ad- 
herence of the enamel to iron. M.V.C. 
Quartz and feldspar in ground enamel. VIELHABER. 
Emailwaren-Ind., 14 [48] 330-31 (1937).—Enamel with a 
low silica content is easily fused and therefore feldspar is 
added. It is not advisable, however, to add too much 
feldspar because it affects the elasticity of the enamel. 
M.V.C. 
Report of the Subcommittee on Welding of Low Alloy 
Steels. J. H. Crrrcnerr. Welding Jour. [N. Y.], 17 [1] 
22-26 (1938).—S. makes a thorough survey of all the low 
carbon balanced alloy steels in regard to analyses and 
welding characteristics. Three general classifications of 
welding are made: (1) foolproof steels easy to weld and 
containing, in general, 0.15% C or less; (2) intermediate 
weldability steels containing less than 0.30% C, having a 
large enough drop in ductility in the heat-affected area to 
require stress relief or other heat treatment, and requiring 
special attention when fillet welded; and (3) difficultly 
weldable, ‘‘tricky”’ steels with more than 0.30% C and for 
which heat treatment subsequent to welding is essential. 
C. tabulates the data, indicating the physical properties 
and impact value to be expected for the steels under the 
conditions of welding and testing as stated. The classifi- 
cation of weldability is based on hardenability which is 
considered by the committee as a very rough qualitative 
index of ductility and may be highly misleading. 
W.H.B. 
Sheet-steel ground-coat enamels. R. M. Kinc. Pre- 
sented at meeting of Institute of Vitreous Enamellers, 
London; Ohio State Univ. Eng. Expt. Sta. News, 9, 9-11 
(April, 1937); Sheet Metal Ind., 11 [122] 557-58 (1937).— 
A theoretical study of the réle of cobalt oxide as an ad- 
herence-promoting agent in present-day commercial sheet- 
steel ground coats is given. K. deplores lack of a satis- 
factory method for determining the numerical value of 
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adherence and sums up the special case of cobalt-bearing 
ground coats as follows: (1) iron oxides and metallic iron 
are precipitated at the interface; (2) adherence is associ- 
ated with precipitated metal in all cases but not always 
with precipitated oxides; (3) roughness of surface or differ- 
ential etching are not important factors in adherence; and 
(4) coefficient of expansion is not a direct factor in adher- 
ence. Experiments showed that tungstic oxide, molybdic 
oxide, and antimony trioxide, when incorporated in a 
ground-coat base, would produce a satisfactory white 
ground coat for sheet steel, the ideal of all enamelers. 
Facts established regarding “‘reboiling,’’ another ground- 
coat problem, are as follows: (1) it is peculiar to ground 
coats containing nickel and cobalt oxides when applied to 
steel; (2) if the ground coat is fired im vacuo by a special 
procedure, reboiling will not take place on subsequent 
heating; and (3) it apparently takes place when metallic 
precipitates are formed at the interface. Hence, reboiling, 
metallic precipitation, and adherence are apparently re- 
lated. Discussion. A. L. Epwarps. Jbid., [122] 558 
(1937).—The discussion showed a dissimilarity between 
the practical and the highly theoretical viewpoints. 
A.PS. 
Shrinkage stresses in welding. Review of literature to 
January 1, 1937. W. SPRARAGEN AND G. E. CLAUSSEN. 
Welding Jour. [N. Y.], 16 [11] Supp. 2-62 (1937).—A 
comprehensive digest of the work in this field is given with 
conclusions as to the amount of stress, distribution with 
various welding methods, and an evaluation of the methods 
used by various investigators. A bibliography of 160 
references is appended together with notes on methods of 
measuring strain. Suggested research problems on shrink- 
age stresses are listed. W.H.B. 
Sorting enamel according to color tone. VIELHABER. 
Emailwaren-Ind., 14 [25] 177-78 (1937).—Factors in- 
fluencing the color tone of enamels are (1) fineness of 
grinding, (2) thickness of the coat, (3) firing temperature, 
(4) firing time, and (5) thickness of the ware to be en- 
ameled. Illumination of the room is of the greatest im- 
portance for the appearance of the color tone. The 
strength of light, whether sunlight or artificial, and the 
time of comparison (morning or evening) are factors which 
make the sorting of enamel by color tone extremely diffi- 
cult. M.V.C. 
Structure of enamels. R. AtpinceR. Keram. Rund- 
schau, 45 [22] 237-39 (1937).—lIt is possible to find an 
enamel for any given use but there is no enamel fit for 
all purposes. For sheet ground coat, adherence is essential ; 
cobalt oxide is better than nickel oxide. The fusibility 
must be adapted to the thickness of the sheet and the 
fusibility of cover. A long melting range is important; it 
reduces the sensibility to overheating. It is possible to 
obtain the required property by mixing two different frits 
in the mill, or by additions of clay, quartz, or feldspar. 
The coefficient of expansion does not have the supposed 
importance, the solution of iron being a powerful corrector. 
For one-layer enamels, the color and aspect must be con- 
sidered; black ground coats are best. There is a series of 
desiderata for cover coats, viz., acid resistance, gloss, color, 
shock resistance, etc. A selection must be made among 
these properties. A. gives particulars concerning cooking 
utensils and composition of batches. F.E.V. 
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System iron-cobalt-copper. WeRNER JELLINGHAUS. 
Arch. Eisenhiittenwesen, 10 115-19 (1936).—The three- 
compound system iron-cobalt-copper has a complete 
miscibility in the liquid state. There are 3 groups of 
alloys: (1) 5-mixed crystals which are separated first in 
the iron corner and which, in the solid state, change into 
y-mixed crystals; (2) alloys containing up to 8% copper 
which solidify as y-mixed crystals, with the exception of 
a small region in the iron corner; and (3) alloys contain- 
ing 8 to 96% copper which separate primary y-mixed 
crystals and solidify as heterogeneous batches of y-mixed 
crystals and copper. M.V.C. 

Testing of etching baths in enamel manufacture. Orro 
Wake. Angew. Chem., 49, 220-22 (1936).—For control 
of the etching process it is necessary to determine the per- 
missible limit of the amount of iron in the bath, i.¢., the 
point at which a new bath should be prepared. The 
simplest method for this purpose is measurement by hy- 
drometer. An apparatus for the control of the etching 
baths is described, and 3 tables are given. E.W.S. 

Thermal efficiency of revolving furnaces for melting 
enamel. Orro T. Koritnic. Emailwaren-Ind., 14 (35) 
243-45; [36-37] 252-53 (1937).—K. discusses attempts to 
determine heat transfer through conduction, radiation, 
and convection in revolving furnaces for enamel melting. 

M.V.C. 

Unusual enamel batches. VieLHABER. Emailwaren- 
Ind., 14 [48] 331 (1937).—The unusual composition of 
special enamels formerly used is analyzed. M.V.C. 

Zinc oxide. Vrie.HABER. Emailwaren-Ind., 14 (30) 
211-12 (1937).—The viewpoints of various investigators 
on the effect of zinc oxide on enamels are discussed. Zinc 
oxide should be regarded as a “‘quality producer” used to 
improve the properties of enamel. Zinc oxide used in 
ceramics must be white and free from impurities. 

M.V.C. 


REPORT 


Annual Report of Metallurgicai Division. Progress 
Report No. 20. R.S. Dean. U.S. Bur. Mines Repts. 
Investigations, No. 3357, 55 pp. Free. R.A.H. 


PATENTS 


Apparatus for fusing and spraying pulverized substances. 
Fritz Scuorr. U. S. 2,108,998, Feb. 22, 1938 (March 12, 
1935). A coating apparatus comprises a flame-spraying 
device for fusible powder having passages therein to con- 
duct and discharge the spray components, including a 
passage adapted for connection at its entrance end to a 
supply of air under pressure and having two branches 
separately leading to the point of flame discharge of the 
apparatus, fusible powder supply means associated with 
but one of the branches, and another passage separately 
leading to the point of flame discharge and adapted for 
connection to a combustible mixture supply. 

Collapsible tube enameling machine. WALTER Prus- 
sinc (Victor Metal Products Corp.). U.S. 2,108,443, Feb. 
15, 1938 (April 12, 1934). 

Enamel, etc. Kurt Beversporrer. Ger. 650,984, 
Oct. 5, 1937; Cl 48c. 2.02; Chem. Abs., 32, 746 (1938).— 
Opaque enamels and glazes are made by using the products 
from fused metals and their oxides as turbidity-producing 
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substances, the usual setting agents and dispersing agents 
being added. Thus, a frit of ground SnO, is dispersed in 
fused Sn in the presence of O at 450° until all the Sn is 
oxidized. The product is made up into a glaze or enamel 
by mixing with clay and Na perborate. Also, Sb frit is 
dispersed in fused Sb in the presence of an air current and 
NaNO; is added. The product, NaSbO,, is made up asa 
glaze or enamel as before. 

Enamel and glaze. Emm R. Ercuier. Ger. 650,749, 
Sept. 30, 1937; Cl. 80b. 23.01; Chem. Abs., 32, 746 (1938). 
—aA substitute gold for use when firing enameled or glazed 
pottery consists of Cu 1.7 to 2, Zn 2.9 to 4.2, Sb 0.2 to 
0.4, Fe 0.5 to 0.7, Pb 1.1 to 3, Bi 0.6 to 1.1, Ni 0.5 to 0.8, 
Ag 8 to 12, U 1.4 to 2.9, Ti 1.9 to 3.6, Cr 0.46 to 0.91, 
Mo 0.36 to 0.79, Cd 0.9 to 2.1, and B,O; 5.8 to 6.8 parts, 
applied mixed with a metal resinate solution. 

Enamel and glaze. Puiire Ever. Ger. 648,092, July 
21, 1937; Cl. 48c. 2.02; Chem. Abs., 31, 7212 (1937).— 
As an opacifying agent for addition to melts of enamels and 
glazes, use is made of ZrO, (or crude Zr ore) in association 
with powdered glass. A soft glass of high alkali and low 
CaO content is preferred. Suitable proportions are ZrO, 
about 3 and glass about 5%. The ZrO, may be replaced 
by a product obtained by heating ZrO, under oxidizing 
conditions with another opacifying agent, e.g., AlO; or 
Sb20s. 

Enameled plaque and method of making. A. F. REmLty 
(Evans Case Co.). U.S. 2,108,444, Feb. 15, 1938 (Oct. 3, 
1935). In an article of the class described, in combination, 
a metal plate having a design in relief formed thereon, the 


Application of glass to piping installations of small 
diameter and hot-water heaters. K. Wiecanp. Glastech. 
Ber., 15 [6] 207—19 (1937). J.F.H. 
Arsenious oxide as an opacifying agent in lead glasses 
and the manufacture of China glass in India. Atma Ram 
AND Lat C. VeRMAN. Proc. Indian Sci. Congr., 25th Congr., 
1938, Part 3, p. 98.—Arsenious oxide, when added to the 
glass batch to the extent of about 4%, produces dense 
white opacity in high-lead glasses. For the development 
of a proper degree of opacity, the molten glass should be 
allowed to cool very slowly from 700°C. If the resulting 
glass is cooled suddenly, very little opacity is developed. 
This opaque glass has been used as a decorative enamel 
for glass bangles. Cyrolite does not appear to be the 
proper opacifying agent for preparing such enamels. An 
addition of 0.1% of antimony oxide to the glass batch ap- 
preciably improves the gloss of the enameled design. These 
glasses are somewhat similar to phosphate opals and ap- 
pear to be of the “emulsion type.”” The possibilities of the 
manufacture of ‘“‘China glass,’’ an imported milk-white 
glass used in the Indian glass bangle industry for decorat- 
ing the bangles, are discussed. A.P.S. 
Blank distribution and the penetration factor. Grorcr 
Roesster. Glass Ind., 18 [8] 265-66 (1937).—R. dis- 
cusses the behavior of melted glass in the blank mold at 
the time of the blow-back and methods for designing 
molds to make full use of the ductility and penetration 
factors. A brief outline of the blown-blown method of 
forming glass articles is given. Distribution in the blank 
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plate being engine turned, and a coating of enamel on the 
plate, the surface of the plate having areas of varying 
depths to produce the design whereby a varying shading 
effect is imparted by the enamel over the areas. 

Enameled sheet-metal heating and cooking vessels. E. 
STEVENS AND E. StEvVENs, Ltp. Brit. 479,167 and 479,168, 
Feb. 16, 1938 (March 11, 1937). 

Enameled ware. IGNaz Krempi.. U. S. 2,109,487, 
March 1, 1938 (Feb. 12, 1931). Enameled sheet-iron 
ware comprises a white clouded vitreous enamel and a base 
consisting of an alloy of iron with not more than 3% of a 
metal selected from the group consisting of cobalt and 
nickel but containing a sufficient amount of the metal to 
cause adhesion of the enamel to the iron base. 

Enamels. CHEM. WERKE vorM. H. & E. ALBERT A.-G. 
(Hans Mengele, inventor). Ger. 648,180, July 24, 1937; 
Cl. 48c. 2.01; Chem. Abs., 31, 7212 (1937).—Borax used 
in the manufacture of enamels is replaced wholly or in 
part by a polyphosphate in which the ratio Na,O:P,0; 
lies between 2:1 and 1:1. 

Method of making lavatories, sinks, wash, or like basins. 
Briccs MANUFACTURING Co. Brit. 479,678, Feb. 23, 
1938 (Jan. 27, 1936). 

Vitreous enameled products. D. E. Krause (Monsanto 
Chemical Co.). U. S. 2,109,271, Feb. 22, 1938 (Oct. 5, 
1936). A vitreous enameled article comprises a layer of 
vitreous enamel vitrified upon the surface of a steel sheet, 
the steel containing from 0.1 to 1.0% of phosphorus, the 
remainder being iron containing the usual impurities ordi- 
narily occurring in enameling steel. 


mold begins with the primary penetration and the time 
interval of the blow-down; the wall thickness above the 
filling level depends largely on the speed of the blow-back. 
The high-water mark can be eliminated by proper use of 
these two factors. The most common fault in mold design 
is that of making the blank molds too heavy at the top and 
too light at the bottom. To obtain proper distribution of 
mold iron and for constructional reasons, cored slots 
should be used. E.J.V. 

Chemical compounds in glasses. A. Appen. Uspekhi 
Khim., 6, 662-89 (1937); Chem. Abs., 32, 739 (1938).— 
Physical properties as a function of chemical composition 
in both the molten and solid states are discussed for various 
silicate and borate glasses. A. concludes that glasslike 
properties are the result of three-dimensional ‘“‘polymeriza- 
tion,”’ leading to very complex structures, as well as of the 
type of valence bonds, coérdination valence, and the nature 
of the cation. Glasses can not be regarded simply as mix- 
tures of molecules. 

Chemical physics of glass. Mario Conti. Ind. Vetro 
& Ceram., 10 [3] 49-52 (1937).—C. gives fundamentals 
concerning binary and ternary systems related to glass. 
Melting phenomena and crystallization are outlined briefly. 

F.E.V. 

Chemistry of glass-furnace construction: I, Slagging 
processes above the melt. H. JEBSEN-MARWEDEL. 
Glastech. Ber., 15 [4] 131-36 (1937).—Deterioration fre- 
quently takes place where different construction materials 
come together. Iron parts against refractory can cause 
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fluxing by oxidation. The mortar especially is susceptible 
to corrosion by dust from the batch and by alkali vapors. 
Glaze formed on the refractory runs downward due to 
gravity, and its composition depends on the reactions tak- 
ing place as well as the separation of crystalline phases 
derived from it. The course of the reactions depends on 
the relative positions of various refractory materials. In 
the case of sillimanite above silica, this is of particular 
significance. Some of the products of slagging reach the 
glass, causing glass faults. Every arrangement of Al,O;- 
containing blocks (especially high Al,O;) in the over 
structure of a glass furnace consisting essentially of silica 
is apt to cause increased danger of slagging and possible 
appearance of glass defects. Il, Influence of surface ten- 
sion of slag glass from refractory material on its tendency 
to form nodes and cords. Jbid., [5] 163-73.—The sources 
of Al,O; containing “drops,” nodes, and cords are partly 
to be looked for in slag streams from above the melt but 
mainly in the region of contact of glass melt with refrac- 
tory. Nodes are formed mainly along the horizontal edges 
at joints and on overhanging surfaces. Drop formation can 
also take place below the melt surface. From the node 
formations, ‘‘Al,O,;”’ threads or cords can form. The ap- 
pearance and physical properties differ with the type of 
refractory. The composition of the slag glass is not the 
result of smooth solution of the refractory. It depends on 
a process of differentiation resulting from different diffusion 
velocities and crystallization effects in which some con- 
stituents separate as a solid phase. The surface tension 
as the driving force is important in judging these manu- 
facturing defects. Studies were made using 1-g. samples 
of glass saturated with sillimanite or clay. A clay solution 
in glass shows a much greater tendency to form “‘drops”’ 
than a sillimanite solution. The tendency increases with 
increasing Al,O; and SiO, content and with falling tem- 
perature. The drawing up of the slag glass into globules 
due to surface tension removes the protective action of the 
refractory-saturated glaze on the surrounding surface and 
permits increased corrosion of the refractory. With a 
glass series of increasing Al,O; content in intimate contact 
with a slag glass, the latter would behave as the imbedded 
glass with the first members of the series. With higher 
members of the glass series it would tend to be the imbed- 
ding or increasing glass phase. The surface-tension rela- 
tions under such conditions are of considerable importance 
to processes of homogenization taking place in glass melts. 
J.F.H. 

Determination of the elastic constants of optical glasses 
from the bending of light by supersonic vibrations. C. 
ScHAEFER, L. BERGMANN, AND H. J. Glastech. 
Ber., 15, 447-61 (1937).—Apparatus and theory are dis- 
cussed in detail. The optical figure obtained consists of 
two concentric rings which result from light passing 
through a glass cube subjected to high-frequency vibra- 
tions. The inner ring arises from longitudinal and the outer 
from transverse vibrations. The relation of the radii give 
directly the cross-sectional contraction coefficients, ¢. Cal- 
culation of the torsion and elastic moduli, » and E, re- 
spectively, requires knowledge of the density, exciting 
frequency, and apparatus constants. The latter can be 
determined in two ways which give results in good agree- 
ment. The accuracy of measurement is approximately 
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+1%. Arelation between density and elasticity is shown 
to be present; ¢ increases with increasing density, while 
» and E tend to drop. Special advantages of the new 
method are (1) lack of secondary effects, as it is a dynamic 
method; (2) the possibility of obtaining the elastic con- 
stants in a closed system directly from a single measure- 
ment; and (3) extraordinary rapidity, as little adjustment 
is necessary in making measurements. J.F.H. 
Determining glass strains by spatia' observations in 
polarized light. M. Arpenne. Glastech. Ber. 15 [8] 
299-300 (1937).—The system consists of a light source 
with a polarizing filter, a special projection screen which 
does not depolarize, and a pair of spectacles equipped with 
polarizing filters, J.F.H. 
Development of a modern colored glass. ANon. Glass 
Ind., 18 [8] 263-64 (1937).—Experiments to produce a 
pure yellow glass uniform in color from pot melt to pot 
melt, easily worked, and not too expensive are discussed. 
Since a muddy yellow color was obtained when both cerium 
dioxide and titanium dioxide were used in a melt, the pure 
oxides were obtained, and test batches resulted in an 
excellent color which was constant. A reasonably cheap, 
almost chemically pure cerium compound was obtained by 
separation of the cerium hydrate from monazite sand. 
Neither cerium dioxide nor titanium dioxide separately 
in pure form imparts any marked color to a soda-lime glass. 
The yellow color is possibly due to the formation of a 
cerium titanate [Ce(Ti,O;).] or a cerium titanium silicate 
[Ce(TiSiOs):]. There seems to be a definite relation of 
one atom of cerium with either 2 or 4 atoms of titanium in 
the color formations, and the maximum color density is 
obtained when the ratio is 1:2 of CeO, to TiO; by weight 
in a soda-lime glass. E.J.V. 
Development of optical glasses. In memory of Otto 
Schott. W. Weyi. Angew. Chem., 48, 677-78 (1935).— 
W. presents a historical treatise on the development of 
achromatic glasses as well as of glasses for laboratory pur- 
poses and for thermometers, emphasizing the share which 
Otto Schott (1851-1935) had in this development and the 
difficulties that had to be overcome. Special mention is 
made of his collaborators, Zeiss and Abbé, as well as of 
the Zeiss Foundation. See “‘Schott—,” Ceram. Abs., 15 
[11] 332 (1936). E.W:S. 
Effect of chemical composition of silvering bath on the 
silvering process. B. N. Moskvrn anp T. T. NeuMANN. 
Optiko-Mekh. Prom., 7 [3] 5-8 (1937); abstracted in Chem. 
Zentr., 1937, ii, 4221.—The effect of the concentration of 
reducing agents (inverted sugar with HNO;) and of KOH 
and the effect of temperature on the precipitation of Ag 
when silvering were studied. The velocity of reduction 
was found to be most important. The best results were 
obtained with 0.5% and 1% concentration of the reducers 
(with a double amount of AgNO;). The temperature 
should lie between 13° and 18°C. See Ceram. Abs., 17 
[2] 61 (1938). M.V.C 
Effect of raw materials on devitrification of quartz glass. 
M. A. BezBoropov, N. D. ZAVYALOV, AND F. A. KuRLYAN- 
KIN. Ogneupory, 4 [10] 638-49 (1936); abstracted in 
Referat. Silikatliteratur, 4 [8] 4360 (1937).—Quartz glass 
devitrifies at over 1100° and loses its valuable properties. 
The transformation into the crystalline state, whereby 
beta-cristobalite changes into alpha-cristobalite with 
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another specific gravity, destroys the structure of the ma- 
terials. Therefore, the effect of raw materials used, the 
temperature, and the duration of heating on devitrifica- 
tion were studied. Various kinds (99% silica) of sand (for 
nontransparent glass) and rock crystal (for transparent 
glass) were melted in a vacuum furnace. In all cases, 
quartz glass begins to devitrify at about 1200°C after 
5 hr. heating; cristobalite separates in the temperature 
range of 1100° to 1500°C after 5 hr. heating; transparent 
glass devitrifies less than nontransparent quartz glass; 
and the degree of transformation of nontransparent glass 
does not depend on whether it is subjected to continuous 
or intermittent heating but depends only on the duration 
of heating. M.V.C. 
Effect of various factors on the color of copper ruby. 
V. V. VarciIn N. P. Kozuin. Keram. & Steklo, 13 
{11] 21-26 (1937).—Fourcault glass can be used for the 
manufacture of copper ruby with a suitable amount of 
copper and lead. The glass is of high quality. It may be 
improved to a certain extent by increasing the silica con- 
tent and decreasing that of soda or by replacing three parts 
of CaO by PbO and introducing a small amount of B,O;. 
CaO considerably lowers the quality of the ruby glass by 
lowering its transparency in the red part of the spectrum. 
The quality of ruby glass and the intensity of its color 
(concentration of pigment) do not change equally. Each 
of them has a maximum which depends on the concentra- 
tion of copper and lead in the glass. The most suitable 
content of copper (when introduced into the batch as 
oxide) and lead is 1.0 Cu and 0.5% Sn or 0.5 to 1.5 Cu 
and 1.0% Sn. The best glass was obtained with 1.0% Cu 
and 1.0% Pb. When melting in a large pot, the quantity 
of lead should be lowered. The quality of ruby glass is 
considerably diminished by a relatively high concentra- 
tion of lead and by a large general concentration of copper 
and lead. The temperature of annealing is of great im- 
portance. For a glass of the Fourcault type, the best an- 
nealing temperature is about 625°. Higher or lower tem- 
peratures impair the quality of glass. The increase of the 
duration of annealing improves the ruby at first and later 
has no effect. Defective glass is manufactured apparently 
by too great a reduction of copper or too high a ratio of 
Sn to Cu. M.V.C. 
Etching effect of lithium nitrate on glass. B. Srepe. 
Glas & Apparat, 18 [16] 163 (1937).—According to 
Stewart and Young (Ceram. Abs., 14 [10] 243 (1935)), it is 
possible to etch glass by molten lithium nitrate. Glasses 
treated in this manner, however, although a fine white sur- 
face was obtained, always broke in spite of the greatest 
care. Microscopic investigation showed that the etched 
surface contains numerous fine cracks from which still 
finer cracks branch out. The glass also undergoes a chemi- 
cal change, the Na being replaced by Li, whereby the 
structure is loosened and the expansion coefficient changes 
and differs from that of the interior glass. This is the cause 
of the breaking. M.H. 
- Factors which influeiice the results of mechanical tests 
on glass. E. Atprecut. Glastech. Ber., 15 [7] 285-87 
(1937). J.F.H. 
Glass colored by sulfurous matter: V-VI. K. Fuwa. 
Jour. Soc. Chem. Ind. Japan, 40 |8} 299-300B; [11] 413- 
14B (1937).—Sulfide, which under ordinary conditions 
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does not color glass, colors it from yellow to orange in the 
presence of a reducing agent. For Part IV see ‘“‘Series—,”’ 
Ceram. Abs., 16 [11] 335 (1937). M.V.C. 

Glass containers for pharmaceutical products. AmBec. 
Eng. Progress, 18 [12] 271 (1937).—An automatic ampoule- 
making machine is shown which can make 2000 ampoules 
and test tubes per hour or 2500 tablet bottles. With 
slight readjustments the machine can make (1) ampoules 
with two tips, (2) flat-bottomed ampoules with smooth 
tips, (3) flat-bottomed ampoules pinched, and (4) round 
bottomed ampoules. The glass tubing used is inserted 
in factory lengths and need not be cut. The ampoules 
are sealed by fusing and sterilized so that they can not 
become contaminated during transport and storage. 

J.L.G. 

Glasses of special composition. Oscar Knapp. Tech- 
nikai Kurir, 8, 18-20 (1937); Chem. Abs., 31, 8850 (1937). 
—The chemical compositions of various glasses are given, 
with special consideration of the B,O; content. Glasses 
containing 20% B,O; are transparent to ultra-violet rays. 
Those containing 30% B,O; and 20% PbO are transparent 
to X-rays; without B,O;, glasses containing 35% PbO 
retain most X-rays. A glass called Minos, containing 44% 
PbO, is used for electric condensers because of its high 
dielectric constant. Euphos glass, containing TiO., 
or Cr,O;, absorbs all ultra-violet rays. 

Glass fibers for giasshouse needs. ANON. Glass Ind., 
18 [11] 373-76 (1937).—Glass fibers of two general types 
are now produced: long textile fibers 0.00025 in. in diameter 
and shorter insulating wool fibers about 0.0004 in. in 
diameter. This glass fibrous insulation has a conductivity 
of 0.27 B.t.u./sq. ft./hr./in. thickness/°F difference in 
temperature between the hot and cold sides. An economi- 
cal building structure has been developed by using a steel 
framework and placing 4 in. of fiber insulation between two 
sheets of corrugated iron. The fibers start to soften at 
about 1000°F; their use for insulation at over 900°F, 
therefore, is not recommended, although excellent results 
are obtained in insulating portions of leers, ovens, and 
kilns where the temperature is under 900°F. Various ap- 
plications of glass-wool insulation are described. 

E.J.V. 

Glass as industrial replacement material: Suggestions 
of the Technical Committee of the hollow glass industry. 
F. WECKERLE. Glastech. Ber., 15 [6] 196-201 (1937). 


Glass for new applications. H. Mauracn. Glastech. 
Ber., 15 [6] 195 (1937). J.F.H. 


Glass in the physics of building construction. H. 
REISNER. Glastech. Ber., 15 [12] 463-65 (1937). J.F.H. 

Glass sands. S.R.Scuores. Glass In7., 18 [9] 293-97 
(1937).—Modern glass sand is practically a chemically 
pure reagent, containing, in general, only one undesirable 
impurity, iron. Specifications for glass sand can be drawn 
up partly with a view to what the glassmaker actually 
needs and partly with a sample description of what can 
be had. No. 1 glass sand is expected to contain not less 
than 99.5% SiO:, not more than 0.3% Al,Os, less than 0.1% 
CaO and MgO, and less than 0.025% Fe:O;. All of the 
sand will pass 20-mesh, varying in fineness beyond that. 
The permissible iron content must depend upon the char- 
acter or “‘color” of the glass to be produced. Occurrence 
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and methods of working of the different types of glass 
sand deposits are discussed in detail. The Oriskany quartz- 
ites outcrop throughout the Appalachians and are very 
hard, while the softer St. Peter sandstone is found in a 
state of high purity in Ill. and Mo. In some plants a 
sand produced from a somewhat inferior rock is treated 
with hot concentrated sulfuric acid for the removal of 
Fe,0O;, which greatly improves the quality of the sand. 
Illustrated. E.J.V. 

Glass as a substitute: Experiences of a glass factory. 
G. Scuotr. Glastech. Ber., 15 [6] 202-207 (1937). 

J.F.H. 

Glass as substitute for other materials of construction 
from the standpoint of the user. M. MENGERINGHAUSEN. 
Glastech. Ber., 15 [6] 201-202 (1937). J.F.H. 

Glass wool—from raw material to fabric. P. Kricer. 
Deut. Textilwirt., 4 [15] 6-10 (1937); Chem. Abs., 31, 
7613 (1937).—K. gives a description of properties, prepara- 
tion, manufacture, and uses. Glass threads, yarn, and 
fabrics are shown. 22 illustrations. 

Gold-ruby glasses: I. W. GANzENMULLER. Glastech. 
Ber., 15 [9] 346-53 (1937).—It was known to alchemists 
of the Middle Ages that red colors could be produced by 
gold, but as yet no proof of the preparation of gold-ruby 
glasses in this period has been discovered. 55 references. 
Il. Jbid., [10] 379-84.—The first definite mention of 
gold-ruby glasses is found in Italian writings of the early 
part of the 15th Century. J.F.H. 

Homogenizing glass in tank furnaces. FE. Bayer. 
Glashiitte, 67 [45] 691-92 (1937).—B. describes a new tank 
furnace which promotes homogenization of the glass batch. 
The bottom of the glass tank is provided with cross bars 
which increase the flow over the bottom and therefore pro- 
mote melting. M.V.C. 

Industrial and structural products laboratory of the 
Owens-Illinois Glass Co. H. C. Winsor. Ind. Eng. 
Chem., Anal. Ed., 10 [1] 42-44 (1938).—Prominent fea- 
tures in the construction of the laboratory are described 
and illustrated. F.G.H. 

Magnesia as a raw material for glass. ZsCHACKE. 
Glashiitte, 67 [42] 643-45 (1937).—Advantages of a partial 
replacement of CaO by MgO by additions of dolomite are 
as follows: (1) it is easier to melt and work the glass; 
(2) the addition of dolomite lowers the alkali content and 
therefore increases stability, and purification of the glass 
will be much easier; (3) magnesia has no effect on the 
glass color; (4) MgO has a low coefficient of expansion, 
and glass containing dolomite is more resistant to me- 
chanical and thermal effects than a corresponding lime 
glass; (5) the danger of devitrification is minimized. 
Twenty-nine batches for various types of glass are 
analyzed. M.V.C. 

Manufacture of rosaline glass in tank furnaces. G. Yu. 
ZuHUKOVSKI! AND V. V. PottyaK. Keram. & Steklo, 13 
[12] 6-13 (1937).—Acid glass compositions containing 
small quantities of alkaline earth oxides (up to 6%) are 
preferred for obtaining pure rosaline glasses. It is ad- 
visable to replace part of Na,sO (from 2.0 to 2.5%) by 
K,O, although not absolutely necessary. A lower con- 
centration of selenium is preferable to a high one, provid- 
ing greater purity of color; 20 g. of selenium are entirely 
sufficient for 100 kg. of glass mass. An addition of salt- 


peter is necessary. The addition of arsenic has no marked 
results on the purity of color in the limits of the concentra- 
tion of iron oxide used in the experiments. It is possible 
that, in glasses having less Fe,O;, arsenic is a sufficiently 
powerful agent to neutralize the effect of iron. The addi- 
tion of Sb,O; is very useful for stabilization of the color 
in subsequent thermal operations. The glass should con- 
tain the least possible amount of iron, and any measure to 
lower its concentration (raw materials, refractories, etc.) 
is of the utmost importance. The production of pure 
rosaline glass containing selenium requires a high tem- 
perature, at least 1420°, and a weakly oxidizing atmos- 
phere. The effect of the type of tank furnace has not been 
studied; tanks of low depth, however, are preferable. 


‘Rosaline glass is more suitable for pressed ware than for 


blown ware. Repeated heating of the glass affects its 
color. The annealing temperature of rosaline glass should 
be from 475° to 480°C. A uniform distribution of tem- 
perature in the annealing furnace and a strict conformance 
to the curve of annealing are necessary. The following 
should be studied further: (a) effect of furnace type and 
flows on the coloring of rosaline glass; (b) quantitative 
study of the ratios of various degrees of oxidation of Se in 
dependence on melting, working, and annealing; (c) con- 
ditions for obtaining rosaline colors in glass with a variable 
iron content; and (d) effect of chlorides, particularly com- 
mon salt, on the stabilization of rosaline color. M.V.C. 

Maximum grain size of sand for glassmelting. S. Ya. 
Rar. Keram. & Steklo, 13 [12] 13-17 (1937).—The high- 
est rate of melting and purifying of ordinary glass is ob- 
tained when using medium-sized sand (0.385 to 0.120 mm.). 
A batch containing small-sized sand is melted more 
rapidly; the purifying of the glass from bubbles, however, 
takes a longer time so that the total duration of melting 
is increased by 1 hr. The lowering of the amount of dust- 
like sand particles (0.12 mm.) does not have any effect on 
melting time. Coarse-grained sand greatly increases the 
time of melting and purifying. When melting glass in 
pots, not more than 10 to 12% of the sand should be 
coarse-grained (0.5 mm.). M.V.C 

Mechanical strength properties of glasses. A. SmeKAL. 
Glastech. Ber., 15 [7] 259-70 (1937).—S. shows that the 
breaking process begins with a primary rupture which 
starts from a flaw and is strongly affected by molecular 
thermal changes. Secondary rupture surfaces follow, as 
breaking progresses, as a result of natural inhomogeneities 
always pres€nt. Numerous submicroscopic fissures of the 
order of magnitude of 10~-* to 10~* cm. are irregularly 
distributed in glass. It is proposed that these result from 
a shrinkage taking place in the glass below the softening 
point which is conditioned by viscosity and involves mo- 
lecular changes occurring in the softening range. 28 refer- 
ences. J.F.H. 

Michael Joseph Owens. ANon. Bull. Amer. Ceram. 
Soc., 17 [3] 148-51 (1938). 

Nephelite “worms”’—their cause and cure. ANON. 
Glass Ind., 18 [12] 417-18 (1937).—Nephelite in the 
“worm” form appears as a brown wormlike stone sur- 
rounded by a cordy area of glass and is usually associated 
with a streamer-type cord. Nephelite is the low-tempera- 
ture phase of the mineral having the theoretical composi- 
tion Na,O-Al,O,;-2SiO.. Nephelite may be formed by the 
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combination of soda with materials containing alumina 
and silica, ¢.g., clays and refractories, by the reaction of a 
soda silicate glass with alumina, or from intermediate com- 
positions which contain the necessary soda, alumina, and 
silica. The formation of nephelite in the “worm” form is 
generally caused either by the incomplete solution in the 
glass of silica drippings which have been in contact with 
soda and alumina or by recrystallization from cords 
which were originally nephelite or which have the com- 
position necessary for its formation. The methods of 
formation of nephelite are discussed at length. Formation 
of the nephelite ‘“‘worm” type of stone may be prevented 
or at least minimized by the substitution of aluminous 
material for silica, where the latter is subjected to excessive 
temperatures and batch dust, and by the elimination of 
excessive fluxing of the silica brick resulting from improper 
control of the furnace. This requires frequent and con- 
tinued check-up of the condition of the inside of the fur- 
nace, and a close watch must be kept on the various fac- 
tors such as flame direction, etc., that cause the rapid 
formation of corrosive, alkaline, silicate liquids. E.J.V. 
Phosphate coloring by metallic atoms and coloring of 
phosphate glass permeable to ultra-violet rays by phos- 
phorus atoms. Joser HorrMann. Sprechsaal, 70 [41] 
517-19; [42] 529-31 (1937).—Heretofore unknown dis- 
colorations due to exposure of various phosphorus com- 
pounds are described. The red coloration on exposure of 
phosphate glasses permeable to ultra-violet rays is ac- 
counted for by phosphorus atoms. This atomic coloration 
is a counterpart of the coloration by silicon, arsenic, and 
antimonate atoms. The assumption that it is actually due 
to phosphorus atoms and not to alkaline or alkaline-earth 
atoms is confirmed by the results of experiments on (1) 
coloring by means of metallic vapors, (2) decoloration of red 
phosphorus at the ignition temperature, (3) effect of ultra- 
violet rays, (4) similarity with phosphorus sols known, 
and (5) destruction of color by oxidizing heating and by 
fumes of nitric acid. M.V.C. 
Plasticity and viscosity of glasses. Points of trans- 
formation. P. Bary AND J. Herpert. Ind. Chim. Belge, 
8 [12] 502-10 (1937).—When progressively heated, all 
vitreous substances show a definite point of transforma- 
tion (7,) which is characterized by a sudden variation of 
the physical properties of the experimental sample. In 
regard to glasses, this point of transformation marks the 
separation between the solid state and the plastic state 
of the material. At a temperature 400° to 600°C above 
that corresponding to 7), there seems to exist another 
point of transformation (72), when the glass fluidity is 
sufficient to allow the metal to flow. Knowledge of the 
existence of 7; and 7: is of great technological in- 
terest since the corresponding temperature interval repre- 
sents the working range of the metal. An attempt is 
made to apply factors for calculating 7; and 17>. 
Assigning to viscosity, for glass in the solid state, the 
value 10" (the viscosity curve is that of an exponential 
function, but the value of 7 changes from 10'* to © for 
such a slight drop of temperature that it can hardly be 


10% 
figured with accuracy) and plotting log —— (in ordinates) 
n 


against log 7 (in abscissas), one obtains a series of points of 
the representative curve of the function. In the case of 
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soda-lime glasses, these curves are practically parallel 
straight lines; by lengthening them downward, these 
lines strike the axis of abscissas on which they determine 
the positions of points 7;. The equation of the function 

13 
is log = = A log ~, where T is the temperature of 

1 

experimentation, while A = 36.1 in the case of CaO- 
Na,O-SiO, glasses. The experimental determination of 
T: is seriously affected by the rate of heating the metal, 
and the values obtained also depend on the thermal his- 
tory of the glass sample. 7) is given by the formula 


8.2 
log T. = 36.1 + 08 7: = 0.227 + log T;, or graphically 


by lengthening the viscosity curve upward until it strikes 
a parallel line to the axis of abscissas, cutting the axis of 


ordinates at a point corresponding to log ——- = 8.2. 
n 


Comparative data obtained either by experimentation or 
by computation are tabulated; in some cases, results agree 
very satisfactorily. The method has also been applied 
to MgO-, Al,O;-, and PbO-soda glasses, sometimes with 
satisfaction. Glasses are considered as colloid systems; 
the variation of their physical properties, as a function of 
temperature, is strongly influenced by the time factor; 
in the solid state, glass consists of an irregular and intricate 
lattice of calcium silicate polymerized molecules, the in- 
terstices of which are filled with more fusible sodium sili- 
cate; under the action of heat, polymerized molecules 
gradually break up. See Ceram. Abs., 16 [11] 335 (1937). 


R.W.D. 
Preparation and use of glass textile fabrics. L. von 
Reis. Glastech. Ber., 15 [6] 219-28 (1937). J.F.H. 


Preparing articles of vitreous silica by new methods. 
F. Skaupy AND G. WEISSENBERG. Glastech. Ber., 15 [8] 
306-308 (1937).—The preparation of articles of vitreous 
silica is usually accomplished at present by the Bottomley 
method, the resulting large hollow mass being later worked 
into smaller articles. By the new method, which is largely 
well-known ceramic technique, powdered quartz is pressed 
to form with or without a binder. Firing is carried out at 
such a temperature that the initially crystalline particles 
beceme glassy and fuse together. Some precautions are 
necessary to care for changes in crystal form and to avoid 


devitrification. J.F.H. 
Properties of glass fibers. W. Erret AND F. OBERLIEs. 
Glastech. Ber., 15 [6] 228-31 (1937). J.F.H. 


Properties of silicate glasses in comparison with trans- 
parent synthetic materials. W. Errer. Glastech. Ber., 15 
[4] 137-41 (1937).—The organic and inorganic glasses for 
particular applications have certain advantages and dis- 
advantages. A general replacement of the inorganic glasses 
by transparent resins will never occur. The silicate glasses 
have the great advantage of more thorough adaptability 
of their properties, such as optical constants, through com- 
position. Their greater homogeneity is important in elec- 
trical applications. The transparent plastics may have ad- 
vantages in many applications because of lower specific 
gravity, but lower surface hardness is a disadvantage. 

J.F.H. 

Sensitive glass electrode of durable form. ANcus E. 

Cameron. Ind. Eng. Chem., Anal. Ed., 9 (9) 436 (1937).— 


| 


1938 


Details for the construction of an electrode of low resist- 
ance and rugged form are given. Illustrated. F.G.H. 

Specific gravity of CaO-Na,O-SiO, glasses at ‘high 
temperature: I. I. Sawar anv S. Inoue. Jour. Soc. 
Chem. Ind. Japan, 40 (6] 198-200B (1937).—Glass of the 
following composition was studied: 65.53 SiO., 19.71 
CaO, 0.61 ALO; + FerO;, 14.15% Na,O. Specific gravity 
changes with temperature. The curve has a break lying 
near the softening point of the glass. M.V.C. 

Story of vitreous china. GrorGe Brain. Jour. Inst. 
Sanitary Engrs., 41, 155-67 (1937): Chem. Abs., 31, 8855 
(1937). 

Technical snapshots of glass. H. JEBSEN-MARWEDEL. 
Z. Wiss. Mikroskop., 54, 197-204 (1937); Chem. Abs., 31, 
8849 (1937).—Crystals, bubbles, striae, and various sur- 
face defects and markings dre illustrated and discussed 
briefly. 

Tempering and reheating of boric anhydride glass. E. 
Rencker. Compt. Rend., 205 [26] 1396-98 (1937).—The 
volume of a boric anhydride glass above 260°C depends on 
its previous thermal history, but after a period of evolution, 
sometimes very long, the volume tends toward a definite 
value at each temperature. A curve shows this volume for 
temperatures up to 300°. It has been observed that 
anomalies of physical properties of all vitreous substances 
occur at the same temperature at which they soften. R. 
calls them properties of “‘vitreous fusion.” See “‘Dilato- 
metric—,’’ Ceram. Abs., 17 [4] 137 (1938). M.H. 

Textile processes in the production of glass fibers. P. 
Krtcer. Glastech. Ber., 15 [12] 461-63 (1937). J.F.H. 

Trouble shooting and the penetration factor. GrorcE 
Roesster. Glass Ind., 18 [9] 298-300 (1937).—In the 
fabrication of glassware, the ductility of molten glass and 
the penetration factor supply a simplified technology by 
which the erratic and seemingly mysterious behavior of the 
glass in the mold can be governed with a reasonable degree 
of accuracy. The practice, in designing blank molds, is to 
calculate the cavity of a size or volume which is in a certain 
ratio to the volume of the solid mass of glass, to lay out 
the length of the parison so as to allow for the stretch and 
sag during the interval of transfer, and to make the various 
cross-sectional contours in proportion, roughly, to the 
corresponding cross-sections of the finish mold. The glass 
is in contact with the iron while the finish is being made and 
penetration takes place; the hot inner area of the glass is 
then blown back. The parison, therefore, is compara- 
tively cold at the shoulder but very hot at the bottom end 
since it is made of the hot inner glass. In the lower range 
of working temperatures of glass, slight changes of tem- 
perature make decided changes in ductility, and therefore 
the parison must be designed in size and proportions so as 
to compensate for these variations in ductility. Control 
of the ductility characteristic of melted glass, through a 
control of the penetration factor, is the means by which 
the glass of the parison can be controlled in its relative 
disposition. A few of the more common difficulties are 
discussed together with the principles involved. E.J.V. 

Two-phase glasses: I, Method of determining the ther- 
mal properties of glass. IKuTaARO SAWAI AND IkuzO 
Kuso. Mem. Coll. Eng. Kyoto Imp. Univ., 10, 1-5 
(1937).—The method of constructing and calibrating a 
special electrically heated furnace for determining the 
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thermal properties of glass is described. Il, Copper ruby 
glass. Jbid., pp. 6-9; Chem. Abs., 31, 8849 (1937). 

Vitreous state of glass. JANosSUrt. Technikai Kurir, 
8, 69-71 (1937); Chem. Abs., 31, 8850 (1937).—On the 
basis of examination of the crystal lattices of various 
kinds of glass and the heat of formation of glass, the follow- 
ing oxides can be considered as glassforming: B,O,, 
As:O;, SbyO;, AlyOs, SiO, SbyOs, AsyOs, 
V:0s Chb,O;, and Ta,O;. Besides these, other oxides can 
be added to glasses to produce a characteristic effect on the 
properties. This effect is probably due to disturbance of 
the tetrahedric structure of ordinary glass. All precious 
stones except diamond consist of the above-named glass- 
forming oxides. 

Volatilization of boric anhydride in glass. V. V. VaRGIN. 
Optiko-Mekh. Prom., 6 [9] 14-16 (1936); abstracted in 
Chem. Zentr., 1937, ii, 4222.—The volatilization of B,O, 
during the melting of glass batches containing B,O, is 
accounted for by the volatilization of boric acid with steam; 
at 500°C, 5.6% boric acid is evaporated from B(OH),; 
under the same conditions, no volatilization was detected 
from waterless B,O;. In a moist batch of the composition 
32.5 SiO, 13 ByOs, 3 AlO;, and 51.5% BaO, 3.11% boric 
acid evaporated at the beginning of melting, while only 
0.1% of the B,O; present volatilized during 8 hr. of melting 
at 1400°. M.V.C. 

X-ray investigations of the fine structure of glasses: I, 
Review of experimental results obtained by X-ray re- 
searches on glass. E. Scuresoip. Glastech. Ber., 15 [6] 
231-40 (1937).—Previous work is critically reviewed. At- 
tention is called to the work of N. Valenkov (Ceram. Abs., 
16 [8] 242 (1937)). Using nickel filtered radiation with a 
short-radius camera, he obtains results favoring the 
crystallite theory n contrast to the conclusions of Warren 
(see ““X-ray—,”’ ibid., 17 [2] 87 (1938); “Structure—,” 
ibid., [3]101). 33 references. J.P.H. 


BOOK 


Modern Fine Glass. Le_orse Davis Richard 
R. Smith, New York. 144 pp. 97 photographs. Price 
$5.00. Reviewed in N. Y. Times Book Review, Feb. 6, 
1938.—Glass of the modern era has exquisite beauty. S. 
not only presents the decorative glass of Europe and 
America at the present time but leads up to these modern 
achievements in a brief and remarkably comprehensive 
chapter of historical summary. “Virtually every attribute 
of lovely glass is a residual product of centuries of toil and 
experimentation, slowly evolving through the heat of the 
furnace and the minds of men.”’ S. traces the development 
of the famous old glass of Venice and of Bohemia on to 
today, and the distinctive work which is the product of 
the government industrial schools of Czechoslovakia is 
emphasized. In the chapter on French glass, the contribu- 
tions of individual artists are stressed. The remarkable 
and recent history of fine glass production and the activities 
of various factories in Sweden are recorded. Glassware of 
Germany, Finland, Holland, Belgium, and Mexico is also 
described. The chapters on the glass of America are 
especially interesting. This is a book for every one who 
is interested in gaining knowledge, general and yet suffi- 
cient in particular, of an outstanding art of today. 

M.V.C 
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PATENTS 

Apparatus for: 

Bending glass sheets. H. J. Garsy (Pittsburgh Plate 

Glass Co.). U.S. 2,111,392, March 15, 1938 (April 27, 

1937). Wrt1am Owen (Pittsburgh Plate Glass Co.). 

U. S. 2,111,370, March 15, 1938 (Dec. 19, 1936). 

Coating electric-lamp bulbs on both sides with paraffin 

wax, prior to opacifying. Rupo_F Maczejyxa. Austrian 

149,980, June 25, 1937; Cl. 32c; Chem. Abs., 31, 7210 

(1937). 

Drawing glass strips. (Pilkington 

Bros., Ltd.). Can. 371,332, Jan. 18, 1938 (Oct. 13, 

1936). G.M.H. 

Drawing sheet glass. J. B. Wart (Pilkington Bros., 

Ltd.). Can. 371,333, Jan. 18, 1938 (Dec. 11, 1936). 

G.M.H. 

Feeding molten glass to glassforming machines. T. C. 

MoorsHeEap (United Glass Bottle Manufacturers, Ltd.). 

U. S. 2,111,293, March 15, 1938 (Oct. 25, 1935). 

Making nonsplintering glass. Apvo_r KAmprer. Ger. 

648,305, July 28, 1937; Cl. 39a. 17.50; Chem. Abs., 31, 

7210 (1937).—Means for removing solvent from the in- 

termediate layer is described. 

Making sheets of glass. Soc. ANON. DES MANUFAC- 

TURES pes Giaces & Propuirs CHIMIQUES DE Sr. 

Gopain, CHauny & Crrey. Fr. 811,481, April 15, 

1937; Chem. Abs., 32, 742 (1938). 

Making sheets of glass by drawing. N. V. Hor- 

LANDSCHE MIJ. VOOR DE VERVAARDIGING VAN GLAS 

(M. H. L. Halbach, applicant in U. S.). Fr. 815,295, 

July 8, 1937; Chem. Abs., 32, 1064 (1938). 

Producing bands or fibers of glass, etc. Soc. ANON. DES 

MANUFACTURES DES GLAcEsS & PrRopuITS CHIMIQUES 

pe St. Gopain, CHauny & Cirey. Fr. 814,149, June 

17, 1937; Chem. Abs., 32, 742 (1938). 

Removing lengths from a moving strip of glass. JosEPH 

GaSsKELL (Pittsburgh Plate Glass Co.). U.S. 2,111,393, 

March 15, 1938 (May 27, 1936). 

Surface treating glass containers. A. G. LauckK AND 

J. M. Jounson (Owens-Illinois Glass Co.). U. S. 

2,109,391, Feb. 22, 1938 (July 29, 1936). 

Tempering glass. Corninc Gass Works. Fr. 812,866, 

May 19, 1937; Chem. Abs., 32, 1064 (1938). 

Automatic feeding device for glassmelting furnaces. 
KERAMISCHE INDUSTRIE-BEDARFS-A.-G. Ger. 648,204, 
July 24, 1937; Cl. 32a. 5; Chem. Abs., 31, 7210 (1937). 

Automatic machine for manufacturing ampullas from 
glass tubes. Jakos Dicuter. U. S. 2,110,327, March 8, 
1938 (June 29, 1934). 

Building block. W.P. ZimMERMAN AND M. K. Ho_mes 
(Owens-Illinois Glass Co.). U. S. 2,110,900, March 15, 
1938 (May 26, 1936). 

Circular annealing furnace for parabolic glass mirrors. 
E. Ya. YURCHENKO. Russ. 43,137, May 31, 1935; Chem. 
Abs., 31, 7615 (1937).—-Construction details are given. 

Dental plates. Corninc GLass Works. Fr. 814,427, 
June 23, 1937; Chem. Abs., 32, 1065 (1938).—These are 
made of opaque colored glass with porcelain teeth em- 
bedded therein. A suitable glass contains SiO, 58.3, Na,O 
7.2, B,O; 8.5, Al,O; 7.3, CaO 7.7, ZnO 2, Au 0.0375, and 
F 6.7%. The molded glass is treated with a mixture of 
HF and H,SO,, the teeth being protected by wax. 
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Device for making bifocal glasses. F. W. O. WERNICKE 
AND B. R. MULLER (trading as Wernicke Maschinen- 
fabrik). Brit. 480,331, March 2, 1938 (Oct. 30, 1935). 

Dual orifice feeder. F. L. O. Wapswortn (Ball Bros. 
Co.). U.S. 2,108,517, Feb. 15, 1938 (Oct. 24, 1934; June 
24, 1935). 

Fiber production from molten glass. Prero Mopic- 
LIANI (N.V. Mij. tot Beheer en Exploitatie van Octrooien). 
Can. 371,659, Feb. 1, 1938 (March 2, 1937). G.M.H. 

Frosting of glass articles. Kart DULDNER AND ROMAN 
Wape.xa (General Electric Co.). U.S. 2,110,117, March 
1, 1938 (June 26, 1937). The process of partially frosting 
the surface of glass objects, more particularly electric- 
light bulbs, covering and flashing glasses, lamp shades, 
etc., comprises applying glass powder to the surface to 
be frosted to form thereon a pulverous layer, the particles 
of which are capable of softening at a temperature lower 
than the softening point of the glass object but incapable 
of becoming, at a temperature materially below the 
softening point of the object, so liquid as to coalesce; re- 
moving the powder from the parts of the surface that are to 
remain clear in the finished product; subjecting the sur- 
face, together with the remaining powder applied thereto, 
to a heat treatment at a temperature at which the particles 
of the powder frit to the surface and form a great number 
of minute prominences thereon; and thereafter treating 
the surface with a glass-dissolving agent so as to remove, 
at least for the greater part, the fritted-on particles from 
the surface, the duration and intensity of the last-men- 
tioned treatment being so chosen that after this treatment 
is terminated there remains a partially frosted glass sur- 
face provided with minute light-diffusing depressions on 
its frosted parts. 

Furnace for melting glass. GLasH0TTe ACHERN A.-G. 
Ger. 651,687, Oct. 18, 1937; Cl. 32a. 4; Chem. Abs., 32, 
742 (1938). 

Glass. Soc. ANON. DES MANUFACTURES DES GLaces & 
PropuIts CHIMIQUES DE St. Goparin, CHauny & Cirey. 
Fr. 812,308, May 7, 1937; Chem. Abs., 32, 1063 (1938).— 
The glass is cooled rapidly before it leaves the furnace by 
means of a cooled screen placed in the furnace above the 
glass and protecting the opening. 

Glass article manufacture. T. F. Pearson (Crown 
Cork & Seal Co., Inc.). Can. 371,465, Jan. 25, 1938 
(Sept. 15, 1936). G.M.H. 

Glass bottle forming apparatus. T. F. Pearson (Crown 
Cork & Seal Co., Inc.). Can. 371,466, Jan. 25, 1938 
(Sept. 15, 1936). G.M.H. 

Glass bottle or jar manufacture. T. F. Pearson (Crown 
Cork & Seal Co., Inc.). Can. 371,621, Feb. 1, 1938 (Sept. 
15, 1936). G.M.H. 

Glass brick wall. W.O. Lyte (Pittsburgh Plate Glass 
Co.). U.S. 2,110,885, March 15, 1938 (Oct. 31, 1936). 

Glass container. CHARLES WELHART (Owens-Illinois 
Glass Co.). U. S. 2,111,499, March 15, 1938 (July 22, 
1936). 

Glass fibers. N. V. M1j. rot BEHEER EN EXPLOITATIE 
VAN OcTROOIEN. Fr. 813,485, June 2, 1937; Chem. Abs., 
32, 1063 (1938).—The fibers coming from the molten mass 
are carried along by an aspirating current of gas and de- 
posited on a support which is permeable to the gas. 
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Glassmelting furnace. W. A. Morton (Amco, Inc.). 
U. S. 2,110,736, March 8, 1938 (April 19, 1934). 

Glass-to-metal annealing process. Howarp Scorr 
(Canadian Westinghouse Co., Ltd.). Can. 371,300, Jan. 
18, 1938 (Aug. 7, 1936). G.M.H. 

Glass roofing. Axrt.-Ges. GLASINDUSTRIE vorM. F. 
SremMens AND J. ScHLOsSINGER. Brit. 479,589, Feb. 23, 
1938 (July 26, 1937). 

Glass sheet, method and apparatus for making. H. A. 
Fisuer. U. S. 2,108,811, Feb. 22, 1938 (Aug. 24, 1935). 
(15) The methdd of manufacturing variegated glass sheets 
comprises providing a body of molten glass of base ap- 
pearance and a source of molten decorative glass; forming 
and flowing a molten stream of the decorative glass of 
relatively small transverse dimension with respect to the 
width of the body of base glass onto the latter at a point 
spaced inwardly from the edge of the body of base glass; 
embedding the decorative glass in the base glass, while the 
glass is in workable condition, with a surface of the decora- 
tive glass exposed at the surface of the base glass; providing 
relative movement between the base glass and the stream; 
and finishing the glass into a smooth-surfaced sheet with a 
decorative area in the base glass of materially less width 
than the width of the sheet and with the exposed surface of 
the decorative area in the plane of the surface of the base 
glass. 

Glass tank. P. F. Kuz’micu. Russ. 42,672, April 30, 
1935; Chem. Abs., 31, 7615 (1937).—Construction details 
are given. : 

Glass tempering apparatus. J. L. Drake (Libbey- 
Owens-Ford Glass Co.). Can. 371,150, Jan. 11, 1938 (Dec. 
30, 1936). G.M.H. 

Glassware forming machine. FRANK O’Neru (Hart- 
ford-Empire Co.). U.S. 2,111,296, March 15, 1938 (Aug. 
30, 1935). 

Glazed roofing. Soc. ANON. DES MANUFACTURES DES 
Graces & Propurts CHIMIQuEs DE St. Gosarin, CHAUNY 
& Crrey. Brit. 479,877, Feb. 23, 1938 (Aug. 24, 1935). 

Hardened vitreous article. W. J. Tennant (American 
Optical Co.). Brit. 478,759, Feb. 9, 1938 (Nov. 3, 1936). 

Joining quartz articles to surfaces of metal, glass, or 
ceramic material. FUR ELEK- 
TRISCHE GLUHLAMPEN M. B. H. (Hans Pulfrich, inventor) 
Ger. 650,446, Sept. 23, 1937; Cl. 32b. 10; Chem. Abs., 32, 
1066 (1938).—A layer of a refractory metal, e.g., W, is first 
secured to the quartz by sintering, and the surface to 
which the quartz is to be joined is then united, e.g., by 
brazing, with the sintered layer. Various methods of pro- 
cedure are indicated. 

Laminated article. J. W. Haucur (E. I. du Pont de 
Nemours & Co.). U.S. 2,109,587, March 1, 1938 (Dec. 7, 
1935). Laminated glass comprising a sheet of glass and, 
bonded thereto, a plastic sheet comprising 100 parts of 
cellulose nitrate and about 85 parts of dibutyl hexahydro- 
phthalate. 

Low expansion glass composition. H. P. Hoop (Corning 
Glass Works). U. S. 2,109,641, March 1, 1938 (Feb. 19, 
1935). A glass containing silica, boric oxide, lithia, and 
at least one other alkali-metal oxide, the silica content 
being between 75 and 87%, the total alkali content being 
between 0.5 and 2.5%, and the lithia constituting not 
over '/; of the total alkali content. 
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Machine for the manufacture of glass articles. T. F. 
Pearson. Brit. 478,737, Feb. 9, 1938 (June 23, 1936). 

Machines for molding glass. THomas F. Pearson. Fr. 
813,789, June 8, 1937. Fr. 813,804 and 813,805, June 9, 
1937. Fr. 813,950, June 11, 1937; Chem. Abs., 32, 1064 
(1938). Unrrep Grass Botrte MANUFACTURERS. Fr. 
813,731, June 8, 1937; Chem. Abs., 32, 1064 (1938). 

Manufacture of laminated glass. W. W. Tricos 
(Hercules Safety Glass Co., Ltd.). Brit. 480,255, March 2, 
1938 (Aug. 18, 1936). 

Means for forming glass molds. W. V. Fiswer (Anchor 
Hocking Glass Corp.). U. S. 2,110,360, March 8, 1938 
(Aug. 17, 1935). 

Means for supporting large glass plates during thermal 
treatment. Soc. ANON. DES MANUFACTURES DES GLACES 

& Propurrs Curmigues pe Sr. Goparn, CHauny & 
Crrey. Ger. 650,497, Sept. 23, 1937; Cl. 32a. 30; Chem. 
Abs., 32, 1064 (1938). 

Method and apparatus for severing molten glass. F. L. 
O. Wapsworts (Ball Bros. Co.). U. S. 2,108,518, Feb. 
15, 1938 (Aug. 28, 1933; June 16, 1934; renewed Jan. 7, 
1937). 

Method of stabilizing annealed glass articles, particu- 
larly thermometers. Corninc Grass Works. Brit. 
479,631, Feb. 23, 1938 (Dec. 30, 1935). 

Multicellular glass. Soc. ANON. DES MANUFACTURES 
pes Graces & Propurrs Cumigues pe Sr. Gosaln, 
CHauny & Crrey. Fr. 46,886, Oct. 30, 1936; Chem. Abs., 
31, 8144 (1937). Addition to 786,818 (Ceram. Abs., 15 
[8] 239 (1936)).—A mixture of powdered glass and char- 
coal is heated to the softening temperature of the glass and 
maintained at that temperature until the required swell- 
ing takes place. The density of the product is regulated 
by the amount of charcoal added. 

Optical glass. SeNpLINGER OpriscHe GLASWERKE 
G.m.B.H. (George Jaeckel, inventor). Ger. 650,280, 
Sept. 17, 1937; Cl. 32a. 28; Chem. Abs., 32, 1064 (1938).— 
A description is given of a method of cooling a tank con- 
taining fused glass, as a step in the manufacture of optical 
glass. 

Optical glass. SeNDLINGER OptiscHe GLASWERKE G.- 
m.B.H. Fr. 812,925, May 20, 1937; Chem. Abs., 32, 1064 
(1938).—After removal from the furnace, the fusion pot 
filled with homogenized glass is first cooled so that the base 
and walls of the pot are subjected to a rapid cooling while 
the top surface of the glass is maintained continuously at 
the temperature of the center of the glass by means of a 
heating plate applied thereto. The temperature of the 
heating plate is progressively reduced to the temperature 
of the insulating envelope when the slow cooling begins 

Photoluminescent glass. I. G. FarBENIND. A.-G. Fr. 
47,478, May 22, 1937; Chem. Abs., 31, 8144 (1937) 
Addition to 792,844 (Ceram. Abs., 16 [11] 338 (1937)). 
The constituents containing Sn as the excitable metal, with 
or without other excitable metals, are fused under oxidizing 
or neutral conditions. 

Process for the manufacture of tempered glass. C. T 
PucH AND W. Asx. Brit. 478,811, Feb. 9, 1938 (Nov. 15, 
1937). 

Ruby glass. Deurscne Go_p- UND SILBER-SCHEIDEAN- 
STALT voRM. Rorss_erR (Hans Léffler, inventor). Ger. 
651,928, Oct. 22, 1937; Cl. 32b. 2; Chem. Abs., 32, 742 
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(1938).—Ruby glass or enamel is prepared by adding Se 
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Tempered glass articles. Corninc Grass Works. 


and Cd exclusively as CdSe. Sulfidic S and Zn are also _ Brit. 479,173, Feb. 16, 1938 (Sept. 24, 1935). 


added. Thus, ruby glass is made-by heating sand, CdSe, 
ZnS, and ZnO to 1350°. Another example is given. 


Tempering glass. Soc. ANON. DES MANUFACTURES DES 
Guiaces & Propurrs Curmigues pe St. Gosarn, CHAUNY 
& Crrey. Brit. 479,878, Feb. 23, 1938 (Sept. 5, 1935). 
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Brick has lowest maintenance expense. Annual Report 
of Director of Public Works, Richmond, Va., 1936. ANon. 
Dependable Highways, No. 156, p. 9 (1937).—Maintenance 
data have been assembled in tabular form. The insignifi- 
cant maintenance expense of brick pavements is compared 
with the expense of other types. See Ceram. Abs., 17 [4] 
141 (1938). P.S.D. 

Brickmaking plant. ANon. Mech. Handling, 24, 117-19 
(1937).—The plant at the Childerditch works of the 
Essex Brick Co., Ltd., which produces 6000 brick per hr. 
by the “semidry”’ process, is described. J.C.C. 

Brick pavement for new Lincoln Tunnel. ANoNn. De- 
pendable Highways, No. 155, p. 2 (1937).—The use of de- 
aired vertical-fiber paving brick throughout the entire 
length of the new Lincoln Tunnel is briefly described. 

P.S.D. 

Brick and tile coloring. Feiix Sincer. Brit. Clay- 
worker, 46 [550] 389-92 (1938).—S. discusses engobes, 
their uses, and methods of applying them. R.A.H. 

Economical handling in brickworks. ANoN. Mech. 
Handling, 24, 219-20 (1937).—An overhead conveyer may 
be used to advantage for handling loaded wheelbarrows 
from the drier to the kilns and returning them when 
empty. J.C.C. 

Effect of the freezing test on the strength of brick. 
O. DrécsteR. Tonind.-Zig., 61 [52] 577-78 (1937).— 
Since the standard test of 25 freezing cycles does not always 
show enough difference in the appearance of brick, the 
testing of the brick for strength after the freezing tests is 
recommended. D. discusses tests of transverse, compres- 
sive, and shearing strength on six kinds of brick before 
and after 25 and 50 freezing cycles and the difference in 
the modulus of rupture between full-size brick and sawed- 
off small samples. The following conclusions were reached : 
(1) testing the strength of the brick after the freezing test 
is to be recommended; (2) whole brick are more sensitive 
to freezing and thawing than small samples; and (3) an 
increase in the number of freezings from 25 to 50 decreases 
the strength still further but less than the first 25 cycles. 

W.K. 

Effect of mode of manufacture on some physical proper- 
ties of building brick. A. Green. Brit. Clayworker, 46 
[549] 365-66 (1938).—-Tests were made to ascertain what 
differences occurred in the more important physical proper- 
ties of building brick manufactured from clays prepared in 
two ways, vis., wet-ground and dry-ground, and the differ- 
ences which occurred between handmade and machine- 
pressed brick of the two clays. The permeability results 
indicated that (1) brick made from the wet-ground clay 
were at first more permeable to water than brick made 
from dry-ground clay, but the latter tended to reach the 
saturation point quicker and had the higher permeability 
at the end of 24 hr.; and (2) at the commencement of the 
tests the wire-cut machine-pressed brick had higher per- 


meabilities and reached the saturation point sooner than the 
handmade brick, and the final permeabilities were greater. 
The porosity figures showed that (a) brick made from dry- 
ground clay tended to have lower apparent porosities than 
wet-ground clay brick, and (b) wire-cut machine-pressed 
brick consistently gave higher porosity values than the 
handmade brick. The crushing strength figures indicated 
that (1) brick made from wet-ground clay had higher 
crushing strength values than brick made from the dry- 
ground clay, and (2) the wire-cut machine-pressed brick 
had lower crushing strengths than the handmade. Hand- 
made brick showed superiority in all the tests over wire- 
cut machine-pressed brick. R.A.H. 
Lightweight building materials with foamy structure. 
H Wor anp H. Wetscu. Read before Verein der 
Chemiker, 48th Meeting, Kénigsberg, July, 1935; Angew. 
Chem., 48, 642-44 (1935).—Materials are discussed such as 
tuff, pumice, hollow brick, containing combustibles (lignite, 
etc.) in the hollow space, hydraulic building materials with 
added inflating substances (carbonates, metals, e.g., alumi- 
num, carbides), and gag concrete with special mention of 
the foamy building materials (foamy concrete made by the 
Iporite process of the I. G.). The \ values of Iporite con- 
crete in comparison with other building materials are 
shown in a table. Foamy gypsum, brick, and calcium hy- 
drosilicates, as well as foamy materials from synthetic 
resins, can be made in a similar manner. E.W.S. 
New practice in rolling. ANoNn. Dependable Highways, 
No. 157, p. 3 (1937).—Rolling brick pavements on boards 
is a recent innovation that originated at Richmond, Va. 
It has several advantages over previous methodsof rolling. 
The Richmond specifications for the practice of rolling on 
boards are quoted. P.S.D. 
Queensland favors stoneware for sewerage pipe. ANON. 
Clay Prod. Jour. Australia, 5 [3] 4 (1938).—Every city 
and town in Queensland now constructing sewerage 
schemes is using stoneware pipe in all sizes within the limit 
of manufacture. Townsville, which had a contract for 
concrete pipes, cancelled this contract in favor of stone- 
ware. It is predicted that, within 5 years, no concrete 
pipe will be used in any state in Australia for sewer pur- 
poses. H.H.S. 
Reinforced brick pavement. ANon. Dependable High- 
ways, No. 157, p. 5 (1937).—The construction of a test sec- 
tion of reinforced brick pavement, using large vitrified 
paving blocks, is briefly described. This type of pavement 
is said to require no curbs and no headers on the sides and 
is estimated to be less expensive to construct than the 
usual design. P.S.D. 


PATENT 


Building tile. A. C. VAN Antwerp (Eastern Illinois 
Clay Co.). U.S. 2,108,396, Feb. 15, 1938 ( Dec. 24, 1936). 


| 


1938 


Building tile comprises a plurality of blocks arrangeable 
end to end, the end portions of adjacent blocks being of 
irregular formation and coéperating to provide sinuous ¢avi- 
ties or recesses between the blocks into which nails may 
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be driven to attach a base strip or other member to a wall 
constructed of such tile, the form of such cavities or re- 
cesses causing the nails to be clinched and held against 
unintended loosening or pulling out. 


Refractories 


Acceptance and possibility of utilization of fireclay brick. 
R. Rascn. Gliickauf, 73 [46] 1033-37 (1937).—R. gives 
the requirements for a good refractory brick. If the brick 
does not bind properly it is due to insufficient decomposi- 
tion of the clay. Cracks usually do not impair the quality 
as they improve the resistance against temperature changes. 
Brick should never be brittle or contain striation; the 
latter is caused by air inclusion during manufacturing 
processes and is harmful. Waviness is due to disintegra- 
tion of the mass of fire clay during forming. Remarks on 
general appearance are added. M.H. 

Action of alkalis on refractory brick. F. HARTMANN. 
Stahl & Eisen, 57, 1017-22 (1937).—An investigation of 
the effect of alkalis on refractory materials is necessitated 
by the increasing use of alkali-rich slags in foundry prac- 
tice. A distinction is made between the action of alkali 
vapor, molten alkalis, and slags containing alkalis on re- 
fractory brickwork. Prisms of different refractory ma- 
terials were heated in an electric furnace at temperatures 
up to 1200°C in the vapor arising from molten soda and 
also in that from the molten alkali. The matrix of silica 
brick was slightly changed by alkali vapor at moderate 
temperatures and the surface dissolved. Larger quartz 
grains were more resistant. Silica brick retained their 
shape and strength. Fireclay brick exposed to alkali vapor 
at 1000°C were soft at depth and were deformed slightly. 
In contact with liquid alkali, a glaze was formed on the 
surface of fireclay brick and the material swelled up. 
Magnesite proved to be durable to both types of attack. 
Chrome magnesite, on the other hand, was easily broken 
down throughout by the liquid and gaseous alkali, since 
the chrome ore was taken into solution by fusion. Bauxite 
brick, in spite of a higher alumina content, were warped 
by the treatment with alkali vapor. The structure was 
dissolved into an alkali-aluminum-silicate glass, and the 
volume of the piece increased considerably. The lining of 
plastic luting sand of a ladle was completely destroyed by 
molten soda through the formation of fissures. By using 
a luting sand of lower clay content the attack by soda was 
reduced. In the investigation of the attack of alkali-con- 
taining slags on magnesite for pig-iron mixers, it was found 
that additions of alkali to the slag caused correspondingly 
increased attack. The brick swelled up. This is true for 
slags rich in lime and silica. Slags containing more manga- 
nese and iron were made viscous by the addition of alkali 
and so were incapable of attacking the refractories. These 
results were confirmed by the measurement of the depend- 
ence of viscosity of such slags on temperature on the 
assumption that the most corrosive slags are the more 
liquid at a given temperature. Highly basic slags such as 
blast-furnace slags could not be made mobile by soda addi- 
tions. In the discussion, an aluminous brick (38% Al,O;) of 
high density (8% porosity) was said to be the most resistant 


to molten alkalis and alkali-rich slags. By the addition of 
5 to 10% graphite, the resistance could be increased 
L.R.B. 


Actual manufacture and properties of refractory prod- 
ucts. Marcet Lépincie. Céramique, 50 [506] 187-05 
(1937).—L. visited a number of refractory works and pre- 
sents the results of his observations. The methods of 
manufacture are functions of social and economic condi- 
tions; the criterion is the quality of the product and not 
the manufacturing method. The control of raw materials 
and laboratory analysis are necessary. Certain plants ob- 
tain good results by old methods The method of dry 
mixes, based on the principles of supercompression and 
peptizing of the clays, yields excellent results. Ramming 
is done by mechanical or pneumatic hammers. Present- 
day presses eliminate occluded air. The supercompression 
increases the density of the products without reducing 
their resistance to thermal shock. The chief advantage of 
the dry mix is the elimination of the risks of drying. The 
casting of Corhart type blocks is the ideal solution. In- 
dividual furnaces are used for all types of refractories; 
continuous furnaces are mainly used for silicoaluminous 
and extra-aluminous products. The white color of the re- 
fractory and its alumina content are not decisive criteria. 
Fluxes contained by the refractory are not as important 
as generally assumed. M.V.C. 


Addition of coarse-grained sand to silica-brick mixes. 
I. S. anp L. Drazunrkova. Ogneupory, 4 
[8] 498-504 (1936); abstracted in Referat. Silikatliteratur, 4 
[8] 4347 (1937).—Different sands of various grain size were 
added to quartzite mixes and their effect was studied. The 
best results were obtained with coarse-grained quartz sand 
from Pologi. M.V.C. 


After-contraction test for fireclay brick. H. D. Bennie. 
Brit. Clayworker, 46 [549] 370-71 (1938).—Because of the 
difficulty of accurately measuring after-contraction or ex- 
pansion of refractory products, B. suggests the use of a mer- 
cury volumeter to determine such changes by volume rather 
than the use of calipers with which linear changes are ob- 
tained. The suggested mercury volumeter is described. 

R.A.H. 

Bauxite: Séailles process for alumina. Anon. Dis- 
covery, 18 [213] 272 (1937).—The Séailles process is said to 
have an advantage over the Bayer process in that siliceous 
and low-grade bauxites may be used. A mixture of bauxite 
and limestone is calcined at 950 to 1100°C, a temperature 
at which the calcined product is friable, easily ground, and 
of maximum solubility in water. The crude Ca aluminate 
is treated with water and filtered; the filtrate is impreg- 
nated with CO, from the calcination, by which method 
Al,O; and CaCO; are formed. Further saturation with 
CO, makes soluble Ca bicarbonate, the residue being Al,O, 
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with less than 1% of CaCO;. See Ceram. Abs. 16 [6] 176 
(1937). H.H.S. 

Behavior of refractory materials under torsion at differ- 
ent temperatures: III—A, Modification to apparatus; B, 
Ultimate strength of kaolin and kaolin-quartz mixtures. 
A. L. Roperts anp J. W. Cops. Brit. Clayworker, 46 
[550] 403-407 (1938).—The following modifications to the 
apparatus for making these tests, previously described, 
were made in order to extend the scope of the apparatus to 
the measurement of ultimate shear strength and to per- 
mit the use of a simple type of test piece: (1) a modified 
method of loading, by which the stress applied to the test 
piece may be increased continuously and uniformly and 
at different controlled rates; (2) a differential method of 
deflection measurement which enables the effective length 
of the test piece to be defined more accurately; and (3) new 
chucks with their design based on the universal joint, en- 
suring freedom from strain in test pieces when mounted 
and when subjected during the tests to purely torsional 
stresses. The results of ultimate shear strength and 
rigidity modulus measurements on fired test pieces of kaolin 
and quartzite are described. In heating from air tem- 
perature to 800°C, significant changes in the ultimate shear 
strength or rigidity modulus were absent in the kaolin, 
whereas with the kaolin-quartz the values of both these 
properties increased considerably and to the same extent. 
From 800° to 1100°C the development of plasticity in 
both materials was marked by a pronounced increase in the 
ratio of ultimate shear strength to rigidity modulus, the 
ultimate shear strength showing relatively little alteration 
while the rigidity modulus decreased markedly. For Part 
II see Ceram. Abs., 16 [1] 20 (1937). R.A.H. 

Chrome-ore raw materials for the refractory industry. 
N. M. Feporovsxil. Ogneupory, 4, 541-47 (1936); 
Chem. Abs., 31, 3655 (1937).—A description of the different 
Ural deposits is given. 

Development of the magnesite works in Satka during 
the First Five-Year Plan. L. Locn. Berg- & Hiitten- 
mann. Jahrbuch Montan. Hochschule Leoben, 85 [3-4] 
350-61 (1937).—-The magnesite deposits in this Western 
Ural mountain district are similar to the Styrian deposits 
but are not quite as finely crystalline as the latter and 
have a grayish white color. L. gives geological condi- 
tions, geographical distribution, mining and transportation 
methods, and production statistics and describes furnaces 
for the production of sinter and magnesite brick. The 
capacity of the plant is, at present, 80,000 tons per year 

M.H. 

Drying refractories for the glass industry. A. A. Gez- 
BuRG. Keram. & Steklo, 13 [11] 18-21 (1937).—Numerous 
experiments with the drying of refractories in artificial 
driers are discussed. Thirteen days are required to dry re- 
fractories in driers having an average temperature of 23°C 
after which they can be fired without danger of dam- 
age. The brick shrinks during the first 5 days of dry- 
ing; only after this shrinkage is it possible to raise the 
temperature of the drying chambers. M.V.C. 

Effect of coal ash on boiler refractories. ANoNn. Eng. 
& Boiler House Rev., 51 |6]| 404 (1937).—Damage to re- 
fractories is caused by (1) spalling due to the contraction 
of the solidified slag on the surface of the brick and (2) 
erosion due to molten slag. Use of a mixture of coals whose 
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ash fusion temperatures vary widely may result in a very 
low fusing ash. In general, coals having an ash of high 
fusion temperature are preferred. B.C.R. 
Effect of fluxes on the under-load strength of a fire clay. 
J. F. Hystop anp J. McNas. Brit. Clayworker, 46 (549) 
373-76 (1938).—Additions of 5% of various oxides to a 
highly refractory fire clay show that (1) the fluxes act in 
the decreasing order MgO + CaO, Na;O, Na:xO + CaO; 
MgO, mill scale + MgO, CaO; mill scale + CaO, mill 
scale + Na;O; NayO + MgO, K:O + MgO, mill scale; 
K,O, Fe.O;, fayalite (2FeO-SiO,). (2) Separating these, 
the order for the straight oxides is NaxO, MgO, CaO, mill 
scale, KO, Fe.O;, fayalite; and for the mixed oxides, 
MgO + CaO, Na,xO + CaO; mill scale + MgO; mill 
scale + CaO; millscale + Na,O; Na,O + MgO; K,0+ 
MgO. (3) The average fluxing effect (the temperature at 
which there is 4% deformation under a load of 25 Ib./in.* for 
the mixtures 95% brick + 5% flux) is 1430°C, and the 
fluxes or slags which give this or a lower figure are power- 
ful and energetic. R.A.H. 
Essential properties of boiler refractories. ANon. Eng. 
& Boiler House Rev., 50 [10] 667-70 (1937) —Porosity, 
resistance to slag penetration, spalling fusion temperature, 
and thermal expansion are considered the most important 
properties. The chemical composition of the fly ash im- 
pinging on the wall and the furnace atmosphere are im- 
portant factors. The presence of FeO in slag and S in 
furnace gases has an important influence on the tempera- 
ture of reaction between the slag and the refractory. 
Slags high in Ca, Mg, Fe, and alkalis have a lower fusion 
temperature and are more fluid than those containing 
greater amounts of SiO, and Al,Os. B.C.R 
Extraction of alumina from highly aluminous raw ma- 
terials. SHorcHrRO NAGAI AND JUNZO KATAYAMA. Jour. 
Soc. Chem. Ind. Japan, 40 [8] 302-303B (1937).—Results 
of studies on the extraction of alumina by the special semi- 
dry method are reported. M.V.C. 
Heat-resistant magnesite. Z. Ya. TABAKOV AND V. V. 
BeLovopskil. Ogneupory, 4 [5] 295-97 (1936).—The 
characteristics of the heat-resistant magnesite brick are 
refractoriness not less than 2000°C, mechanical strength 
from 450 to 500 kg:/sq. cm., temperature of deformation 
under load from 1460° to 1520°C, and average thermal 
stability 25 to 30. M.V.C 
High alumina bodies—andalusite corunéum refractories. 
S. A. LEVENSHTEIN. Ogneupory, 4 [6] 360-59 (1936).—L. 
describes in detail studies made by the [Institute of Re- 
fractories dealing with the characteristics of andalusite 
corundum refractories and their manufacture. See Ceram. 
Abs., 17 [2] 71, 72 (1938). M.V.C. 
Highly refractory materials found in France. V. C. 
Rev. Matériaux Construction Trav. Publics, No. 336, pp. 136- 
38B (1937).—The deposits and characteristics of bauxite, 
sillimanite, corundum, zirconium, disthene, chromite, 
magnesite, beryllium, graphite, and olivine located in 
France are briefly discussed. M.V.C. 
Hydraulic refractory cements: I-II. S. Nacar. Jour. 
Soc. Chem. Ind. Japan, 40 [6] 197-98B; [12] 470-71B 
(1937).—Because of unsatisfactory results obtained with 
ordinary refractory cements composed of ground grog and 
raw refractory clay, experiments were made with special 
cements composed of ground diaspore or kyanite fired to 
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1500° or 1600° and mixed with limestone and slaked lime. 
The chemical composition of the samples was from 52.5 
to 77.4 AlOs, 10.8 to 35.3 SiO: 6.2 to 11.3 CaO, 2.0 to 
3.3 TiOs, and 1.4 to 2.5% Fe,O;. The softening point of 
the samples was from 1550° to 1650°. M.V.C, 

Important properties of refractory materials. ANON. 
Eng. & Boiler House Rev., 50, 667-70 (1937); abstracted 
in Sprechsaal, 70 (25) 327 (1937).—-The properties of re- 
fractory materials used in boilers are discussed. They de- 
pend on 3 groups of factors: (1) factors depending on the 
type of construction of the boiler, (2) kind of fuel and 
method of charging, and (3) conditions of operation. 

M.V.C. 

Load-bearing ability of ceramic products at high tem- 
perature and a new method for testing it. Se1j1 Konpo AND 
Suin-rcut Suzuki. Jour. Soc. Chem. Ind. Japan, 40 [8) 
282B (1937). M.V.C. 

Magnesia brick. R. Lepuc. Rev. Matériaux Construc- 
tion Trav. Publics, No. 334, p. 106B (1937).—By means of 
special methods, magnesia brick with a low iron content 
which do not color glass melts and which resist variations 
of temperature well were produced. The great advantage 
of such brick when used as linings in tank furnaces lies in 
the fact that they possess a high density, thus preventing 
the soiling of the glass by the refractory which sometimes 
happens when aluminous or silicoaluminous brick are 
used. Magnesia brick with a low iron content can also 
be used for burners of tank furnaces because they are 
thermally resistant. Magnesia and silica brick react 
when in contact; therefore an intermediate layer of chrome 
brick whose neutrality prevents the reaction of basic brick 
and acid brick is recommended. For tank furnaces, 
mullite, sillimanite, or corundum brick are preferable for 
an intermediate layer to prevent the coloring of molten 
glass by chrome. M.V.C. 

Method for producing fireproof substances by improving 
raw materials by extremely high temperatures. RupDOLF 
ScHNABEL. Chem. Fabrik, 1937, p. 436; Chem. Abs., 32, 
741 (1938).—The density of the raw ceramic materials is 
greatly increased by the Schnabel-Bone process of flame- 
less surface combustion, by which temperatures approach- 
ing those of the electric furnace are attained. 

Monofrax refractories. A. Pavut THompson. Glass 
Ind., 18 [11] 363-66 (1937).—Monofrax is the term desig- 
nating a series of new super-refractory materials made by 
casting electric furnace fused material into shapes. As 
attack on refractories occurs not only on the surface but 
also in the pores, dissolving the bond, it is obvious that 
using a homogeneous casting of the more resistant material 
is the solution to the problem. Petrographic studies hav- 
ing revealed that alpha alumina was the most stable phase 
occurring at the interface of glass and refractory after a 
flux block of clay or other type had been in use for a long 
period of time, a great deal of study was devoted to the 
problem of converting this material into a form most 
suitable for glass tank use. As various types of glass would 
react on the refractories in different ways, a series of differ- 
ent refractories was developed. Actual service tests were 
made on samples of the cast refractory mixes using (a) a 
high soda-lime glass containing somewhat more alkali than 
usual; (6) a borosilicate glass; and (c) an opal or fluoride 
glass, exposing the blocks to “‘half-immersion” for 100 hr. 
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Careful evaluation of the results obtained led to a more 
selected group of samples for large-scale tests. Preferred 
mixes fall into three general groups as follows: (1) Mono- 
frax L, (2) Monofrax H, and (8) Monofrax K (“Refrac- 
tory—,” Ceram. Abs., 17 [4] 145 (1938)). The casting 
temperatures of the preferred Monofrax mixes vary from 
3300° to 3800°F. All the mixes possess unusual refrac- 
toriness and have a high load-bearing capacity at ele- 
vated temperatures; their coefficient of expansion is quite 
moderate. E.J.V. 

Physical properties of some South African raw materials 
for silica brick. V.L. Bosazza. Jour. Chem. Met. Mining 
Soc. S. Africa, 37 [12] 590-94 (1937).—B. cites his earlier 
work on chemical and mineralogical properties, and, from 
combined investigations, establishes the order of merit of 
various classes of material. The physical properties in 
order of importance are (1) condition and size of crystal 
grain, (2) porosities in raw and fired states, (3) shape of 
particle on crushing, and (4) rate of inversion on heating 
to 1470° to 1500°C. Discussion. Jbid., 38 [2] 72-73 
(1937). E.H.McC. 

Production of high temperatures. E. Lax anp M. 
Scu6én. Chem. App. 24 [22] 361-63; [24] 393-95 
(1937).—The highest temperatures required for technical 
processes do not exceed 4000°C as at this temperature all 
matter, even that with the highest melting point, liquefies. 
A permanent temperature of 8000° can be produced in the 
electric arc and one of 15,000° in the Hg arc. A table of 
melting points for materials is given; 3550° = 30 for C is 
maximum. The material in which the substance can be 
heated is mentioned. Another table gives the melting 
points of materials for refractories: 


Hafnium carbide 3890 = 100 Hafnium boride 3065 = 50 
Tantalum 3880 = 100 Thorium oxide > 3000 

Zirconium 3530 = 100 Zirconium boride 2990 = 50 
Niobium 3500 = 100 Zirconium nitride 2980 + 50 
Hafnium nitride 3310 = 100 Titanium nitride 2950 = 50 
Titanium carbide 3140 = 90 Tungsten boride 2920 = 50 
Tantalum nitride 3090 = 50 Tungsten carbide 2870 = 50 


Some of these materials can be heated only in a vacuum or 
in a protective atmosphere because of their tendency to 
oxidize or combine with other gases at high temperatures. 
Specific heat and conductivity of gases, electric energy 
required for heating, flame temperatures, heat of formation, 
and thermite reactions (with metal powders) are discussed. 
M.H. 
Quantitative relationship of clay and grog in sagger 
mixes. R. Maxuir. Keram. & Sieklo, 13 [11] 29-32 
(1937).—A great number of factors affect the character- 
istics of sagger mixes. In general, the change of proper- 
ties of lean and fat mixes, used for saggers, proceeds ac- 
cording to the same principle. The basic conclusion is 
that the increase of the clay content of sagger mixes affects 
their properties favorably and that a greater clay content 
should be used in saggers which do not require high thermal 
stability in operation. M.V.C. 


Regenerative furnace refractories. DoNatp Ross. 
Glass Ind., 18 [7] 241-43 (1937).—Efficiencies in checkers 
are affected both by construction and by the physical and 
chemical properties of the checker materials. Principal 
sections through the heat-absorbing checkers should be 
thin enough so that the temperature of their centers will 
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vary sufficiently during a cycle to perform useful service. 
The mass of heat-absorbing material per unit of checker 
chamber space should be as great as possible and still per- 
mit suitable flue space for efficient heating of the checkers. 
Checker tile should be of material that will not shrink in 
use. Dense checker tile have advantages over porous tile. 
Silica brick used as checkers do not shrink in use, stand 
rigidly in place until the end of the fire, and wash clean so 
that checkers made of them are not apt to clog if run 
sufficiently hot, but if run hot they are fluxed away rapidly 
by basic dust and vapors. Siliceous fireclay brick of low 
flux content do not shrink appreciably and tend to remain 
clean. Low porosity alumina checker tile will not shrink. 
Items of attack chiefly responsible for the destruction of 
the tank block are (1) attack on vertical faces of tank 
blocks below the metal line, not excessively rapid if the 
structure of the block is mechanically good; (2) attack 
at the metal line, at present the limiting factor in the life 
of most tanks; (3) upward eating of downward facing 
surfaces, commonly rapid and destructive; and (4) destruc- 
tion of downward facing surfaces of flow holes or ‘‘throats” 
between melting and refining compartments; like metal 
line attack this is one of the chief causes of failure of tanks. 
After discussing the refractories now being used for the var- 
ious services enumerated, R. suggests as a possible future 
refractory for all of these services a high-magnesia or peri- 
clase block which is very refractory and relatively inert. 
E.J.V. 
Relationship between structure and life of silica brick 
in the roof of an open-hearth steel furnace. V. L. Bo- 
sazza. Jour. Chem. Met. Mining Soc. S. Africa, 37 [10] 
526-32 (1937).—Examination of South African, American, 
English, and German brick reveals wide variation in struc- 
ture and texture. Microscopic examination indicates that 
slag attack is influenced by the fineness and packing of the 
particles and by the porosity and nature of the pores. 
Low porosity and low permeability depend largely on 
these properties in the raw material. Particles should be 
angular to subangular in shape and so packed that inter- 
locking occurs. Titanium oxide is thought to have an in- 
hibiting effect on the inversion of upper high or beta 2 
tridymite to high or beta cristobalite. Discussion. Jbid., 
[12] 586-88; 38 [2] 74-75 (1937). E.H.McC. 
Reliability of thermal conductivity measurements for 
insulating materials. H. Ortver. Brit. Clayworker, 46 
[550] 409-12 (1938).—Samples of practically identical 
diatomaceous insulating materials were tested for thermal 
conductivity by three independent authorities, and the 
results were compared with those obtained by O. on the 
same brick. A reasonable degree of concordance in results 
may be obtained by a particular apparatus. Discrepancies 
are liable to occur between the results reported by different 
laboratories of an order which is in some instances con- 
siderably greater than that covering the limits of reproduc- 
tion of an apparatus. This indicates that some tolerance 
should be used when making comparisons of the relative 
insulating efficiency of samples of this class of material from 
the thermal conductivity values. R.A.H. 
Resistance of grog bodies to the attack of molten glass. 
K. G. Kumanin. Optiko-Mekh. Prom., 7 [5| 6-7 (1937); 
abstracted in Chem. Zentr., 1937, ii, 4222.—From 0.6 to 
1.2% CoO, as Co(NO;)z, was added to the grog mix. 


Ceramic Abstracts 


Vol. 17, No. 5 


After firing, the samples were immersed in molten glass. 
Because of the disintegration of grog, CoO contaminated 
the glass melt; the color tone of the glass yie ds the extent 
of attack. M.V.C. 
Results obtained with chrome-magnesite brick in open- 
hearth steel furnaces. A. E. Dopp. Brit. Clayworker, 46 
[550] 408-409 (1938).—The gas ports and blocks of a 70- 
ton furnace were built of brick having the following com- 
position: SiO, 4.8, Al,O; 2.8, FezO; 11.5, CreO; 34.8, CaO 
2.0, MgO 39.2%. During the second week of working, 
disintegration of the brick had become so bad that it be- 
came necessary to clean the gas slopes after each heating. 
This cleaning consumed 8 man-hr. per day. It is hypothe- 
sized that under alternately oxidizing and reducing condi- 
tions the “‘iron’”’ may continuously alternate between the 
di- and the tri-valent forms. The disintegration of the 
brick (flaking) would then be caused by the expanding 
and the contracting of the complex spinel crystals which 
are present in the brick with the changing of the iron from 
one state to another. In a second trial, parts of the air 
uptakes of a 200-ton tilting furnace were lined with brick 
of a similar type but of slightly different composition. 
These brick also flaked at the working face in layers of 
about '/, in. and alternate light and dark bands had formed 
within the brick. The zones outlined by these bands are 
possibly due to the absorption and migration of slag and 
impurities which may be the cause of spalling and differ- 
ences in thermal expansion. R.A.H. 
Selecting the proper refractory for hot-zone linings of 
kilns. C. H. Sonntac. Rock Products, 41 [2] 52-53 
(1938).—The principal reason for failure of a hot-zone 
lining in a cement kiln is the fluxing action occurring be- 
tween the clinker and the lining. Since clinker is chemi- 
cally basic, it should, while at its temperature of formation, 
be in contact with a basic refractory. Use of 70% alumina 
brick has resulted in improved service where conditions 
are not too severe. The only commercially available truly 
basic lining consists essentially of magnesite brick. Their 
use in the first rotary cement kiln in which they were tried 
showed their life exceeded by over seven times that of 70% 
alumina brick that were previously used. Petrographic 
study of the transition zone between brick and clinker 
shows a zone about | in. thick in the case of 70% alumina 
brick, with a progressive change from the unaltered brick 
to the clinker. In this zone a layer was found which has 
a melting point of about 300°F below the usual operating 
temperature of a cement kiln, and the only reasons why 
this layer remains solid are the protection afforded by the 
coating and the heat conduction outward through the 
brick and kiln shell. No such reaction zone is found be- 
tween clinker and magnesite brick. The change from 
clinker to brick is abrupt, and there is little evidence of 
chemical! action between them. No layer has been found 
whose fusion point is not far higher than the operating 
temperature of the kiln. In selecting linings for lime kilns 
one must look for lack of slag formation, spalling resistance, 
and ability to withstand the abrasive action of the lime as 
it moves down the kiln. E.J.V. 
Siemensite and its use in basic open-hearth furnace. 
E. Greinsr. Rev. Universelle Mines, 11 [13] 502-506 
(1935).—G. gives a treatise on the results of tests made 
since 1928 with siemensite, which is distinguished by its 
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great resistance to high temperatures in connection with 
the construction of Martin furnaces. He supplemented 
the results by those recently obtained at the Société Cock- 
erill with a view to an important reduction in the consump- 
tion of refractory materials coupled with an increase in the 
productive capacity of the furnaces. Photographs and 
tables are given. E.W:S. 

Simplified calculation of recuperators and regenerators. 
RUMMEL AND Fritz Arch. Eisenhiitten- 
wesen, 10, 233-42 (1936); Chem. Abs., 31, 7706 (1937).—A 
simplified method for both new design and checking or 
redesigning existing installations for recuperating waste 
heat is explained. Diagrams, nomograms, and tables are 
given for coefficients of heat transmission, conduction, and 
utilization of material. The method is illustrated by a few 
examples. 

Studies and experiments with refractory materials at the 
Spetzstal plants. A. T. Jacques. Kachestvennaya Stal, 4 
[5] 58-59 (1936); abstracted in Referat. Silikatliteratur, 4 
{10] 4595 (1937).—Grog spouts were replaced by mag- 
nesite spouts at the special steel plant of Krasny Oktyabr 
with good results. Good results were also obtained with 
spouts and plugs made from refractory clay containing 
iron and titanium, using grog having larger grains. 

M.V.C. 

Tank block testing. Orro Bartscn. Glastech. Ber., 15 
|9 | 353-59 (1937).—With improving resistance to corrosion 
of tank blocks it is necessary to broaden the scope of usual 
tests because of resultant glass flaws (streaks and stones). 
Besides solubility, the course of the solution process, in- 
cluding profile, nature of surface, and effect on glass 
quality, should be known. The three usual methods (model 
tank, immersion, and floating body) were found suitable for 
solubility, but not for estimating the tendency to streak 
or stone formation. Changes in the SiO, : Al,O; ratio of the 
refractory after treatment with fused soda or sulfate has 
possibilities for estimating stone formation. Other factors 
such as determination of pore structure are also important. 
The Osram procedure for streaks gives results in agreement 
with practice. This consists of treating a refractory test 
piece with batch at 1400°C, pouring the glass into slabs, 
polishing, photographing in parallel light, and comparing. 
In special cases a test block can be floated in a forehearth 
and the glass compared with glass from a forehearth un- 
der otherwise identical conditions. J.F.H. 

Thermal conductivity under special environmental con- 
ditions. Grno Bozza. Rend. ist. lombardo sci., 68, 608-18 
(1935); Chem. Zentr., 1936, ii, 436; Chem. Abs., 31, 7735 
(1937).—The cooling of a plane plate was studied under 
such conditions that the heat transfer took place through 
convection and radiation. From the mathematical theory 
of heat transfer a special radiation coefficient and a special 
mean temperature of the environment are defined, both 
of which change with the surface temperature. Expressions 
are given that permit calculation of the temperature varia- 
tion in the plate and the time in which the two parameters 
can be regarded as constant. Suitable changes are given 
for the expression for cases in which shorter time intervals 
are chosen. 

Use of a spinel binder for chromite refractories. V. 
Goncnarov, K. Feopot’ev, AND D. VoGMAN. Ogneupory, 
4, 552-53 (1936); Chem. Abs., 31, 3655 (1937).—With 10 
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to 20% of a spinel binder obtained by adding fused mag- 
nesite and Al,O; to the batch, a highly refractory (over 
1920°) material, resistant to deformation under load (be- 
ginning at 1730°), was obtained under laboratory condi- 
tions. 

PATENTS 

Brick for the roof of glass furnaces. N. V. Osrrixov. 
Russ. 42,853, April 30, 1935; Chem. Abs., 31, 7616 (1937). 
The brick are successively treated with a strong solution 
of water glass, HCl, and water before firing. 

Ceramic material. Vicror Morirz Go_pscumipr. Fr. 
811,237, April 9, 19387; Chem. Abs., 32, 743 (1938).—A 
ceramic material is made from a mixture of coarse and fine 
grains. The coarse grains are composed of Mg orthosili- 
cate or substances rich in it, e.g., olivine ores, while the 
fine grains are composed of refractory material of other 
kinds and of greater dispersion, particularly MgO of coarse 
crystalline structure, ¢.g., magnesite of concretion or cal- 
cined magnesite, or (and) compounds containing Cr, ¢.g., 
Cr,O; or siderochrome. 

Ceramic objects. ComMPAGNIE DES NorTON 
(Soc. ANoN.). Fr. 812,189, May 1, 1937; Chem. Abs., 32, 
743 (1938).—Refractory objects are made from a mixture 
containing a substance reacting readily with O, a vitrifiable 
substance, carbide of Si and B or diamond powder and Al, 
Si, Mg, or carbide or lower oxide of B. Thus, the mixture 
may contain borax, B,O;, SiO., Al(OH );, CaCO, pulverized 
Al or Si, potter’s clay, and diamond powder. 

Checker-brick assemblies for furnace regenerators. 
Open HeEarRTH ComsBustiIon Co. Brit. 479,125, Feb. 16, 
1938 (March 2, 1936). 

Checker-brick construction. G. L. Danrorrn, Jr 
(Open-Hearth Combustion Co.) Can. 371,329, Jan. 18, 
1938 (Aug. 4, 1936); see Ceram. Abs., 16 [11] 341 (1937). 

G.M.H. 

Checkerwork. H. L. Smatiey (Harbison-Walker Re- 
fractories Co.). U.S. 2,108,871, Feb. 22, 1938 (May 26, 
1937). 

Crystalline cast refractory articles and their production. 
W. J. Tennant (Carborundum Co.). Brit. 480,256, March 
2, 1938 (Aug. 18, 1936). 

Ferruginous siliceous refractories. J. M. McKINLey 
(North American Refractories Co.) AnD W. K. Carrer 
(National Aluminate Corp.). U. S. 2,108,543, Feb. 15, 
1938 (July 3, 1935). A fired ceramic product comprises 
siliceous particles and barium ferrite. 

Furnace brick. E. H. Sancron anp D. W. Srewarrt 
(Canadian Refractories, Ltd.). Can. 371,616, Feb. 1, 
1938 (Aug. 12, 1936). G.M.H. 

Furnace-roof brick. E. H. Sancron anv D. W. Srew- 
ART (Canadian Refractories, Ltd.). Can. 371,615, Feb. 1, 
1938 (Aug. 12, 1936). G.M.H. 

Furnace wall construction. L. H. Hospern (M. H. 
Detrick Co.). U.S. 2,110,419, March 8, 1938 (June 24, 
1936). 

Furnace walls. Bascock & Witcox, Lrp. Brit. 478,- 
784, Feb. 9, 1938 (June 24, 1936). 

Lime-resistant refractory. H.C. Ler (Basic Dolomite, 
Inc.). Can. 371,285, Jan. 18, 1938 (May 8, 1936; in 
U. S., Sept. 16, 1935). G.M.H. 

Metallurgical furnace masonry. OsTERREICHISCH AMERI- 
KANISCHE Maconesir A.-G. (Josef Berlek, inventor). 
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Austrian 150,288, July 26, 1937; Cl. 40a; Chem. Abs., 31, 
7211 (1937).—An improvement is described in the known 
method of uniting refractory brick by means of interposed 
sheet-metal layers which are afterward fused. 

Refractory brick. A.-G. Aus- 
trian 150,622, Sept. 10, 1937; Cl. 80d; Chem. Abs., 32, 
1067 (1938).—Brick which are stable to temperature vari- 
ations are made from a mixture containing (a) powdered 
magnesite and (b) coarse granules of a variety of magnesite 
containing Fe,O; in a proportion 2 to 4% greater than the 
proportion of Fe:O, in the powdered magnesite. Com- 
ponent (b) of the mixture may include also Cr ore in a 
proportion of 6 to 30%, calculated on the whole mixture. 

Refractory cement. N. V. Ostrikov. Russ. 42,851, 
April 30, 1935; Chem. Abs., 31, 7616 (1937).—-Glass fur- 
maces are cemented with a mixture of disintegrated 
graphite, talc, and refractory clay. 

Refractory material. CarBporuNpUM Co. Ger. 651,994, 
Oct. 23, 1937; Cl. 80b. 8.09; Chem. Abs., 32, 744 (1938).— 
Fireproof masses are produced by molding a fused mixture 
of 2 to 10% MgO and 90 to 98% Al.O;. 

Refractory material. A. A. FowLer anv R. M. Oris. 
Can. 371,701, Feb. 1, 1938 (April 17, 1936). G.M.H. 

Refractory materials. ComPpAGNIE DES MEULES NoRTON 
(Soc. ANON.). Fr. 812,193, May 1, 1937; Chem. Abs., 32, 
744 (1938).—Apparatus is described for making refractory 
masses by subjecting pulverized refractory metal oxides 
to pressure at a temperature at which the mass is plastic. 
Oxides of Al, Mg, Si, Zr, Ti, Be, Th, Ce, and Cr may be 
used. 

Refractory materials. Vicror M. Go_pscumipt. Ger. 
650,717, Sept. 30, 1937; Cl. 80. 8.08; Chem. Abs., 32, 
1066 (1938). Addition to Ger. 605,371 (Ceram. Abs., 14 
(6] 143 (1935)).—Finely granular natural or synthetic 
ferruginous material containing Mg orthosilicate is mixed 
with sintered MgO in powdered or finely granular form, 
and the mixture is heated to a temperature below its melt- 
ing point, ¢.g., to 1300°. The mixture may first be molded, 
if desired, with the aid of a binder. The ferruginous start- 
ing material may contain also Mg hydro- and meta-sili- 
cates, and in this case it is preferably sintered at about 
900° before it is mixed with the MgO. The latter may be 
taken in a sufficient excess to yield final products contain- 
ing free MgO. Examples are given. 

Refractory materials. Vicror M. Go.pscumipr. Fr. 
811,659, April 20, 1937; Chem. Abs., 32, 744 (1938).— 
These are miade by heating mixtures containing serpentine 
or crude materials rich in serpentine and materials rich 
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in Mg, e.g., MgO or substances capable of forming MgO. 
The powdered mixture is heated in a rotary furnace to a 
temperature suitable for the formation of Mg orthosilicate, 
and the calcined material is ground to the degree of granula- 
tion suitable for the formation of refractory products. 

Refractory materials. W.ScuumacHer. Ger. 651,788, 
Oct. 20, 1937; Cl. 806. 1.02; Chem. Abs., 32, 744 (1938).— 
A bidding agent for powdered or granular minerals consists 
of finely ground CaO or MgO or substances containing 
these and finely ground siderite (FeCO;) mixed to a paste 
with water. If freshly calcined lime is used for the CaO its 
quenching should be delayed as long as possible. Lightly 
clinkered dolomite or cement may be used for the CaO. 
Gypsum may be added to delay quenching of the CaO. 

Refractory materials. Union & CARBON 
RESEARCH LABORATORIES, INc. Fr. 813,692, June 7, 1937; 
Chem. Abs., 32, 1066 (1938).—Refractories such as those 
containing qrartzite are made more stable to heat by 
grinding them and passing the ground product through a 
zone heated to 1500°. To the ground refractory is added 
an accelerator comprising 1 or more halides or silicohalides 
of alkali or alkaline-earth metals, e.g., a mixture of K,SiFs 
and SrF;. An ester of silicic acid and an aliphatic alcohol 
which causes deposition of SiO, after hydrolysis are used 
as binder. 

Refractory materials and articles. PiLKINGTON Bros., 
Lrp. Fr. 810,671 to 810,673, March 26, 1937; Chem. Abs., 
32, 744 (1938).—Refractory articles composed of crystals 
buried in a vitreous gangue, the crystals being only of 
corundum, are made by adding a difficultly soluble substance 
containing F (fluorspar, cryolite, lepidolite, MgF:, opal 
glass, or Na;SiF,) to a mixture composed of Al,O; and SiO, 
(and (or) their compounds), a part of the components be- 
ing in the plastic state, forming the articles, and heating 
them to below 1770°. The ratio of Al,O; to SiO, and the 
amount of F compound are sufficiently high and the 
temperature is sufficiently low to insure the complete ab- 
sence of mullite in the articles after firing. 

Refractory products. Girpert E. Sem. Fr. 811,670, 
April 20, 1937; Chem. Abs., 32, 745 (1938).—A refractory 
product having a high softening point is made from nat- 
ural chrome ore by subjecting the ore to a heat treatment 
in the presence of a Mg salt to a temperature at least equal 
to the firing temperature of the refractory. The salt is 
present in amount sufficient to furnish the MgO necessary 
to transform the whole or greater part of the gangue of 
low freezing point into forsterite but insufficient to de- 
compose the spinel of the ore. 
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British modern architecture. GuNN GwENNET. Clarté, 
10 [10] 7-11 (1937).—A collection of original pictures dis- 
played at the Royal Academy of Arts, in London, repre- 
sents edifices erected from 1900 to 1936, showing the evo- 
lution of British architecture. R.W.D. 

Glazing, engobing, and “smoking” of roof tile. E. 
ScHONDORFF. Tonind.-Zig., 61 [53] 585-87; [54] 599- 
601; [55] 609-12 (1937).—S. discusses the following sub- 
jects: (1) general characteristics of glazes, engobes, and 
smoked tile, (2) relation of wave-length of light to the ap- 
pearance of glazes, engobes, and smoked tile, (3) reflection 


of light and gloss, (4) white glazes and engobes, (5) gray 
coloring, especially that of smoked tile, (6) colors of glazes 
and engobes, (7) opacity, (8) choice of coloring agents for 
glazes and engobes, and (9) preparation of glazes and en- 
gobes. While restricted to brick and roof tile, the subject 
is discussed on a broad basis, showing the relationship be- 
tween the length of light waves, the reflection and absorp- 
tion of light, and difference between the index of refraction 
and the particle size and thickness of the slip on the one 
side and the color and texture of glazes and engobes on the 
other side. With the help of photomicrographs, S. shows 
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the proper preparation and application of glazes and en- 
gobes to insure a good bond with the body during the 
firing and drying processes. WX. 

Manufacture of salt-glazed stoneware pipes and fittings. 
A. Coutnon. Rev. Matériaux Construction Trav. Publics, 
No. 329, pp. 26-29B; No. 330, pp. 42-45B; No. 331, pp. 
58-62B; No. 333, pp. 88-93B; No. 334, pp. 100-102B; 
No. 335, pp. 118-22B; No. 336, pp. 130-34B (1937); see 
Ceram. Abs., 17 [2] 76 (1938). M.V.C. 

Manufacture of stoneware and concrete pipes and their 
uses. Cyrmu Jour. Inst. Sanitary Engrs., 39, 
169-74 (1935); Chem. Abs., 31, 8854-55 (1937).—P. de- 
scribes constructions for conduits. 

Prevention of cracking of stoneware and unglazed ware. 
M. Sprechsaal, 69 [49] 723 (1936).—The method consists 
in applying, with a brush, a warm saturated soda solution 
over the edges of the ware or any other place where cracks 
or fissures may be expected. M.V.C. 

Stability and protection of ceramic material in the con- 
struction of chemical equipment. W. Srecer. Chem. 
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Fabrik, 1937, pp. 394-96; Chem. Abs., 31, 8854 (1937).— 
The only real protection is a well-fired resistant glaze. 
PATENTS 

Porous ceramic ware. M.N. Genzier. Russ. 43,831, 
July 31, 1935; Chem. Abs., 31, 7616 (1937).—To a frothed 
clay solution is gradually added dry powdered clay. The 
product is agitated, molded, dried, and fired in the usual 
manner. 

Weatherproof masonry joint. F. P. Wurre. U. S. 
2,108,358, Feb. 15, 1938 (Oct. 19, 1936). A masonry 
structure comprises a plurality of masonry units, laid in 
substantially horizontal courses connected by horizontal 
and vertical joints of binding material, the weather facing 
masonry units forming extended cavities from the binding 
material outward to the weather-exposed face of the struc- 
ture, the cavities being filled by joint sealing members con- 
structed of impenetrable springy material in a tubular 
form compressed between the extended masonry units to 
flex in response to the expansion and contraction of the 
structure. 
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Determining the elimination of water in slips by means 
of filtration analysis. V. V. GLAsSSON AND E. A. Uspen- 
sKkaya. Keram. & Steklo, 13 [11] 26-29 (1937).—The 
filtration analysis developed by W. Ostwald, A. Steiner, 
and W. Rath (Kolloid-Z., 31, 204 (1922); 33, 109 (1924); 
36, 46 (1925)) was used for determining the amount of 
water eliminated by slips used for casting ware. This 
method permits the characterization of slips by determining 
the speed and time with which water is eliminated, amount 
of water separated, and moisture content of the body after 
casting; it is also possible to judge the degree of saturation 
of the slip with electrolyte and hence to control its quantity. 
The filtrate may be investigated with respect to its alka- 
linity by titration or by determining the pa by means of 
the electrometric or colorimetric method. M.V.C. 

Talc porcelain: IX-XII. Konpo SHIN-ICHI 
Suzuki. Jour. Soc. Chem. Ind. Japan, 40 [12] 468-70B 
(1937).—The authors studied (1) the effect of various 
gases on the firing behavior of talc, (2) physical properties 
of tale and tale porcelain, (3) BaO and quartz bodies, and 
(4) specific electrical resistance of porcelain composed of 
alkaline earths, alumina, and silica. For Parts V-VIII see 
Ceram. Abs., 16 [11] 344 (1937). M.V.C. 
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Artificial teeth manufacture. E. L. PILKINGTON AND 
J. F. Turner. Can. 371,541, Jan. 25, 1938 (Feb. 19, 
1937). G.M.H. 

Ceramic bodies, in particular for use as insulators for 
spark plugs. Generat Morors Corp. Brit. 479,124, 
Feb. 16, 1938 (June 27, 1935). 

Ceramic body. A. H. FressLer AND KARL SCHWARTZ- 
WALDER (General Motors Corp.). Can. 371,807, Feb. 8, 
1938 (June 15, 1936; in U. S., June 27, 1935). G.M.H. 

Ceramic insulator and method of making. L. R. 
SHaRDLOw (Radio Corporation of America). U. S. 2,108,- 
513, Feb. 15, 1938 (June 10, 1936). The method of making 
a porous ceramic insulator with a modulus of rupture of 


about 13,000 Ib./ sq. in. for use at high voltages and high 
radio frequencies comprises mixing substantially pure 
alumina particles measuring about 2 microns in diameter 
with 4 to 8% powdered silica and 2 to 6% powdered acid 
magnesium metasilicate, pressing the particles under high 
pressure into intimate contact, and firing in a hydrogen 
atmosphere at about 1600°C for a period of about 140 sec. 

Ceramic material. Sreatrrr-Macnesia Axt.-Ges. Brit. 
478,794, Feb. 9, 1938 (June 8, 1936). 

Ceramic product manufacture. T.G. McDovucat (Gen- 
eral Motors Corp.). Can. 371,808, Feb. 8, 1938 (June 15, 
1936); see Ceram. Abs., 16 [11] 347 (1937). G.M.H. 

Clay. Ropert Léssnitz. Ger. 650,748, Sept. 30, 1937; 
Cl. 80b. 12.12; Chem. Abs., 32, 743 (1938).—The disrup- 
tive action of pieces of lime present in potter’s clay is pre- 
vented by adding chloride to the clay before molding and 
firing. Chlorides of alkali metals, Fe, Ca, Al, Mg, and 
NH, may be used. 

Defecator with integral tank and integral evacuator. 
W. C. Grogenicer (J. B. Pierce Foundation). U. S. 
2,110,361, March 8, 1938 (April 30, 1936). 

Dielectric material. Nicotar P. Bocoroprrsxil 
Nicoitalr V. Trrov. Fr. 814,744, June 28, 1937; Chem. 
Abs., 32, 1066 (1938).—A ceramic dielectric material, 
particularly for condensers, is composed essentially of Pb 
titanates. It may be made by mixing TiO, 85 to 95 and 
PbO 15 to 16%, compressing, and heating to 1100° to 
1180°. 

Heat-resisting insulating material. General Motors 
Corp. Fr. 815,112, July 6, 1937; Chem. Abs., 32, 1421 
(1938).—Insulating material for making spark plugs 
consists of a dense nonporous mass of Zr silicate mixed 
with one or more of the following substances, Al,O,, 
corundum, vitrified Zr, and small amounts of ZrO or Zr. 

Joining ceramic articles and metals. Rupo_r Scnarr- 
NAGEL. Fr. 810,388, March 20, 1937; Chem. Abs., 32, 
743 (1938).—An alloy of relatively high melting point is 
placed between the ceramic article and the metal and the 
joint heated until the alloy melts. Examples of alloys 
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contain Ag 65, Cu 25, and Fe 10%, Cu 80, Ag 15, and 
Be 5%, or a Ag-Cu-Cd alloy containing 2 to 25% of Cd. 
Spark plugs for internal-combustion engines. M. Dr- 
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Brit. 478,929, Feb. 9, 1938 (April 30, 1937). B. 
Brit. 478,761, Feb. 9, 1938 


LATTRE. 
Hopps anv A. M. Lopce. 
(Nov. 6, 1936). 
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Apparatus for maintaining constant humidity. E. 
GRIFFITHS AND J. H. Awpery. Brit. Assn. Advancement 
Sci., Rept., 1936, 324; abstracted in Nat. Phys. Lab. Abs. 
Papers, 1936, 5.—Two forms of apparatus for (1) supply- 
ing a stream of air of known constant humidity, and (2) 
maintaining a chamber at a fixed humidity have been 
devised. In the former, separate streams of dry and satu- 
rated air are mixed to give the desired dew point; in the 
latter, a piece of goldbeater’s skin controls, by its changing 
length with alteration of humidity in the chamber, fans 
which blow in dry or wet air. L.R.B. 

Apparatus for testing crushing strength of granules. 
E. F. Harrorp. Ind. Eng. Chem., Anal. Ed., 10 [1] 
40-41 (1938).—A simple compression tester which com- 
bines speed, convenience, and reproducibility in the evalua- 
tion of granule characteristics is described and illustrated. 

F.G.H. 

Applications of natural-color photography in mineralogy. 
B. M. SHaus. Amer. Mineralogist, 23 [1] 20-27 (1938). 
S. describes the necessary apparatus and procedure tech- 
nique for making natural-color photographic exposures, 
prints, and transparencies of mineralogical specimens and 
points out the advantage of their use by the lecturer, 
student, and teacher. F.J.Z. 

Applications of nickel alloy in the glass industry. ANON, 
Glass Ind., 18 [10] 340-42 (1937).—Heat-resisting nickel 
alloys available for service in certain vital parts of glass- 
making equipment may be divided into the following 
groups: (1) Cast irons containing up to 3% nickel, with 
or without chromium. Their heat-resisting properties are 
superior to those of ordinary cast iron, but they can not 
be compared with those of the true heat-resisting alloys. 
(2) High-alloy cast irons such as “Ni-Resist” and 
“Nicrosilal,” containing up to 20% nickel. These alloys 
are austenitic in structure and have a high resistance to 
oxidation and growth, but are not generally suitable for 
temperatures above 800°C (1472°F), their strength being 
low even at this temperature. (3) Wrought and cast heat- 
resisting steels containing up to 36% nickel and 30% 
chromium, with or without additions of silicon, tungsten, 
etc. This group can be used, under suitable conditions, 
at temperatures up to 1050°C (1922°F) and is regularly 
employed for a wide range of high-temperature work. (4) 
Nickel-chromium and nickel-chromium-iron alloys con- 
taining high percentages of nickel, with or without other 
alloy additions. This group probably offers the best com- 
bination of properties at high temperatures. The choice 
of the most suitable alloy for any piece of glassmaking 
equipment depends upon local requirements. Applica- 
tions of alloys for melting, working, and annealing equip- 
ment are discussed. E.J.V. 

Automatic control and the chemical industries. Luis 
DE FiorEez. Ind. Eng. Chem., 29 [11] 1210-13 (1937).— 
Successful automatic control can be judged only by im- 
proved results. The mere feat of maintaining some vari- 
able condition constant or of making it follow some given 


path is of no service to the industry unless the control of 
this variable proves to be a governing factor in improving 
industrial results. Illustrated. F.G.H. 
Behavior of certain dusts under mechanical impinge- 
ment. J. B. FickLenN AND L. L. GooLpEN. Science, 
[N.S.] 85 [2216] 587-88 (1937).—A brief study of break- 
age of dust particles by impact is given. The three dusts 
examined are quartz, orthoclase feldspar, and dried spores 
of Pencillium oxalicum. With two of the dusts, any esti- 
mation of particle-size distribution in the air from the 
resultant particles is erroneous. With each of the dusts, 
an estimation, under the observed conditions, of the num- 
ber of particles in the air sampled is erroneous. 
E.H.McC. 
Care of transmission belts. R. Korter. Tonind.- 
Ztg., 61 [56] 623 (1937).—The proper care of belts in 
seasonal plants is stressed. Washing with soda solution 
and dressing with horse tallow or whale oilarerecommended. 
During the off- , the belts should be packed in wood 
shavings and kept in storage. W.K. 
Centrifugal pumps for sludge and waste water. R. 
Dztattas. Eng. Progress, 18 [12] 274-76 (1937).—D. 
describes in detail several types of rotary pumps for pump- 
ing liquids carrying large amounts of solid material. 10 
illustrations. J.L.G. 
Continuous control systems with variable characteris- 
tics. H. M. Scumitr. Ind. Eng. Chem., 29 [11] 1229-31 
(1937).—Three automatic control systems are described. 
Two are particularly applicable to electrical methods of 
temperature measurement and control in which thermo- 
couples, resistance thermometers, or photoelectric cells are 
used as the measuring element, and motor-operated valves 
are employed to regulate the controlled medium. The 
third covers a pneumatic method for regulating the con- 
trolled medium in response to changes in temperature, 
pressure, flow, or liquid level. All three systems incorpor- 
ate means for adjusting the throttling range and rate of 
automatic reset while the instruments are in operation. 
These characteristics result in automatic control systems 
adaptable to processes different in nature and operating 
conditions. Illustrated. F.G.H. 
Cutting compressed air costs. ANon. Glass Ind., 18 
[10] 337-38 (1937).—The cost of compressed air is a 
recognizable item in the operating budget of a glass plant, 
and the compressor operator should consider the factors 
that prevent the compressor plant from functioning at 
full efficiency. Dirty or hot intake air; carbon accumula- 
tions in the valves, cylinders, or lines; dirty water jackets 
and intercooler tubes; improper lubricants; and leaky 
lines are particularly important, since they not only re- 
duce efficiency but also cause costly shutdowns for repairs. 
These points are discussed in detail. E.J.V. 
Diesel performance. W. F. Scuapnosr. Re/finer & 
Natural Gasoline Mfr., 16 [3] 146 (1937).—Rough calcu- 
lations for determining the amount of fuel consumed and 
the efficiency of any size Diesel engine are given. Curves 
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showing pounds of fuel per horse power per hour for 
engines up to 3000 h.p. with examples of calculations are 
presented. For small engines of 50 h.p. or less the’ fuel 
consumption is 0.45 Ib./ h.p., while for engines of 1000 to 
3000 h.p. the figure is 0.39 Ib./h.p. The efficiency of any 
size engine with any fuel may be calculated by multiplying 
the B.t.u. value of the fuel per pound by the number of 
pounds per horse power per hour and dividing the product 
into 2546. J.J.H. 
Driers for roofing tile. T. A. Gosxkar. Brit. Clay- 
worker, 46 [549] 366-70 (1938).—A general discussion of 
artificial driers and their advantages over other methods 
of drying is given. R.A.H. 
Drying of solid bodies: XVI-XXV. S. Kamer Anp S. 
Satomi. Jour. Soc. Chem. Ind. Japan, 40 [7] 251-63B; 
[8] 325-37B; [10] 366-77B (1937); for Part XV see 
Ceram. Abs., 15 [3] 100 (1936). M.V.C. 
Electric shaker conveyers. ANoN.~ Indian & Eastern 
Engr., 80 [2] 196-98 (1937).—The “Meco” electric 
shaker conveyer driving gear of modern design and con- 
struction, manufactured by the Mining Engineering Co., 
Ltd., of Worcester, England, is described with illustrations. 
A.PS. 
Elements of automatic control. Joun J. Gress. Ind. 
Eng. Chem., 29 [11] 1225-28 (1937).—Common experience 
is used to illustrate the problems met in connection with 
automatic control and the principles of operation used. 
Four basic elements of control are derived: metered, 
deviation, rate, and damping control; they are illustrated 
by various kinds of automatic control equipment. G. 
gives a direct measure for control performance by determin- 
ing the time required to reéstablish equilibrium in terms 
of the total transfer time lag. Illustrated. F.G.H. 
Evaluation of sedimentation tests. P. Desye. Rev. 
Universelle Mines, 11 [8] 266-68 (1935).—D. describes a 
method for determining the composition of powders, i.e., 
the size of the particles they contain, by means of dielec- 
tric measurements. E.W:S. 
Filter polarizers and their field of use. M. Haase. 
Glastech. Ber., 15 [8] 295-99 (1937). J.F.H. 
Flotation of nonsulfidic minerals. J. KRarr JOHANSSEN. 
Tids. Kjemi Bergvesen, 17, 101-108 (1937); abstracted in 
Chem. Zenir., 1937, ii, 4220.—J. gives a comprehensive 
review of flotation methods for obtaining quartz, witherite, 
ilmenite, kyanite, carnotite, etc. Na silicate, used as 
water glass, plays an important réle as flotation reagent in 
this method. M.V.C. 
Grinding, mixing, and clay preparation in the clay in- 
dustry. W. Nemann. Tonind.-Zig., 61 [57]631-33; [59] 
654-58 (1937). In the brick, roof tile, and stone ware in- 
dustry. IJbid., [58] 646-49.—N. gives a general review of 
the more common methods and machines used in the 
preparation of the body in the heavy clay industry. W.K. 
Materials for sleeve joints of pipes. E. LANpEL. Gas- 
& Wasserfach, 80 [32| 572-74 (1937).—In comparison with 
other jointing materials (jute, wood wool, paper, cellulose, 
hemp), Al foil has given perfectly satisfactory and dense 
joints in sleeves up to 300 mm. diameter according to 
observations in the water system of the city of Stuttgart. 
M.H. 
Mechanical handling at clay pits. Mavor anp CovuL- 
son, Ltp. Mech. Handling, 24, 153-55 (1937).—An in- 
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stallation of two belt conveyers, made from units 12 ft. 
long, for taking clay from a multibucket excavator to the 
mixers at Herfield Bricks, Ltd., Sussex, England, is briefly 
described and illustrated. LGC. 
Metallurgical progress and the clayworking industry. 
Anon. Brit. Clayworker, 46 [550] 396-98 (1938).—Im- 
provements in metals for machinery used in the claywork- 
ing industry are reviewed. See Ceram. Abs., 16 [5] 157 
(1937). R.A.H. 
Method for photographing petrographic thin sections at 
low magnifications. Witton J. Crook. Amer. Mineralo- 
gist, 23 [2] 114-16 (1938).—C. places the thin section in 
an enlarger and focuses the image on a plate or film from 
which contacts can be made later. F.J.Z. 
Ore concentration process. E. Brerpraver. Berg- 
& Hiittenminn. Jahrbuch Montan. Hochschule Leoben, 85 
[38-4] 204-208 (1937).—B. has developed a new method 
for dressing and separating coarse-grained mineral mix- 
tures, which applies the principle of boundary faces used 
in the flotation process. If ice is used as the adhesive sub- 
stance, hydrophobic grains do not freeze to it but hy- 
drophilous grains do. If a hydrophobic organic adhesive 
substance is employed, the process of adhesion is reversed. 
The method is called the “picking process.”” A coarse- 
grained mixture of phosphorite and quartz of 20 to 60 mm. 
was separated by this process by treating it with a 1% 
aqueous solution of sodium palmitate, to which preferably 
2% petroleum or another oil is added. This mixture is 
placed on the adhesive mass, e.g., a bitumen (naphtha) 
solid, at normal temperature. After 1 to 2 min. the phos- 
phorite grains stick to the mass, while the quartz grains 
do not and drop off upon rotation of the support. If ice 
is used, the quartz grains stick, and the phosphorite drops 
off. For grain sizes from 5 to 15 mm. the concentration of 
phosphorite was 89.6%, and for sizes from 15 to 30 mm., 
98%. Experiments with magnesite-serpentine, calcite- 
quartz, bitumen containing slate, etc., gave similar results. 
Practical arrangements for continuous application are 
described. M.H. 
Practical experiences in the de-airing of heavy clay 
goods. A report on a questionnaire. F.H. Crews. Brit. 
Clayworker, 46 [549] 371-73 (1938).—C. reports on a 
questionnaire sent to English firms for information on 
results of de-airing practices similar to a questionnaire sent 
to manufacturers in the U. S. (Bull. Amer. Ceram. Soc., 15 
[10] 335-40 (1936)). R.A.H. 
Self-filling pycnometer. G. F. Hennton. Ind. Eng. 
Chem., Anal. Ed., 9 [10] 479 (1937).—Details of construc- 
tion are given. Illustrated. F.G.H. 
Small set of grids for the determination of nonopaque 
minerals. J. D. H. Donnay. Amer. Mineralogist, 23 |2] 
91-100 (1938). F.J.Z. 
Thermal conductivity at elevated temperatures. W 
Georce Jounson. Refiner & Natural Gasoline Mfr., 16 
[4] 173 (1937).—J. deals especially with the relative ther- 
mal conductivities of a semicorrosion-resisting, high 
strength, chrome steel and corrosion-resisting, scale-re- 
sisting, high-strength, chrome irons, chrome-nickel steels, 
and chrome-nickel-silicon steels, as compared with plain 
carbon steel at elevated temperatures. He cites the work 
of Edward Maurer with results of tests obtained on 13 
types of irons and steels at temperatures ranging from 30° 
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to 1200°C. The type of apparatus used and the testing 
procedure are explained. J. finds that, for fairly low tem- 
peratures, plain carbon steel is somewhat superior in 
thermal conductivity to low chrome steels, chrome irons, 
chrome-nickel steels, and chrome-nickel-silicon steels. As 
the temperature is increased, points are reached for cer- 
tain grades where the superiority is reversed, #.e., the plain 
carbon steels are inferior. J.J.H. 

Ultracentrifuge of high efficiency. H. Kaunitz AnD 
A. Marko. Mékrochim. Acta, 2, 24-33 (1937); Chem. 
Abs., 32, 393 (1938).—An ultracentrifuge which is suitable 
for work with 1.6 ml. of liquid and can be driven at 200,000 
r.p.m. is described. The middle part of the liquid is 
subjected to a centrifugal force equal to 465,000 times the 
force of gravity. The apparatus is driven by compressed 
air and, for the sake of safety, is encased in steel. It is 
provided with a photoelectric speed counter, an automatic 
regulator for controlling the influx of compressed air, and 
a device for withdrawing liquid by suction from any desired 
level, even when the machine is operated at its highest 
speed. 

Use of tie microscope. H. Wricuton. Iron & Coal 
Trades Rev., 135 |(3644] 1080 (1937).—W. discusses the 
selection of proper instruments, preparation of specimens, 
and the best technique in application to obtain maximum 
efficiency in industrial research. M.H. 

Viscosmeter for viscosity determination of fused glasses 
and slags. K. S. Evsrrop’ev anp A. S. GORALNIK. 
Zavodskaya Lab., 6, 591-94 (1937).—The construction and 
operation of a modified Frank viscometer are illustrated 
and described. See ‘‘Viscosity—,’” Ceram. Abs., 15 [10] 
299 (1936). P.B. & E.S. 


REPORTS 


Active list of permissible explosives and blasting devices 
approved prior to June 30, 1937. Anon. U.S. Bur. 
Mines Repts. Investigations, No. 3361, 22 pp. Free. The 
report lists 196 brand names. R.A.H. 

Bureau of Mines midget impinger for dust sampling. 
J. B. FLoRENce L. Feicut, anp H. H. 
Scurenk. U. S. Bur. Mines Repts. Investigations, No. 
3360, 4 pp. Free. A small, portable, hand-operated im- 
pinger is described. Results obtained with this machine 
agree well with those obtained with regular impingers. 

R.A.H. 
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Apparatus for cleaning articles of ceramic materials. 
H. V. Scuweirzer. Brit. 480,168, March 2, 1938 (Nov. 
11, 1935). 

Apparatus for marking or decorating articles. Davin 
DENELSBECK (Owens-Illinois Glass Co.). U.S. 2,111,207, 
March 15, 1938 ( Dec. 30, 1933). 

Apparatus and method for making mineral wool. H. F. 
ViewEc (Johns-Manville Corp.). U. S. 2,110,280, March 
8, 1938 (May 13, 1936). 

Briquetting machine. R. W. Divzi (Baldwin-South- 
wark Corp.). U.S. 2,110,972, March 15, 1938 (March 18, 
1937). 

Ceramic article making apparatus. A. H. FessLer AND 
RALSTON RusseELL, Jr. (General Motors Corp.). Can. 
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371,806, Feb. 8, 1938 (June 15, 1936); see Ceram. Abs., 16 
[11] 346 (1937). G.M.H. 

Cyclone apparatus for separating solid particles from 
gases. T.C.Bretn. Can. 371,363, Jan. 18, 1938 (Dec. 14, 
1935). G.M.H. 

De-airing and degassing ceramic bodies. Grwerk- 
SCHAFT KERAMCHEMIE-BERGGARTEN. Brit. 479,157, Feb. 
16, 1938 (Dec. 7, 1935). 

Drying plant for pottery, etc. Max Korrersa. Ger. 
651,838, Oct. 20, 1937; Cl. 82a. 2; Chem. Abs., 32, 744 
(1938). 

Dust extracting method. R. F. Kneis_ey (American 
Floor Surfacing Machine Co.). Can. 371,114, Jan. 11, 
1938 (Dec. 10, 1936). G.M.H. 

Fluid pressure regulator. G. K. O’Connor (Smoot 
Engineering Corp.). Can. 371,164, Jan. 11, 1938 (July 10, 
1936; in U. S., July 15, 1935). G.M.H. 

Furnace and method of firing. W.S. McVay (E. I. du 
Pont de Nemours & Co.). U.S. 2,108,292, Feb. 15, 1938 
(April 21, 1936). A furnace comprises a combustion 
chamber situated on a higher plane than the lower portion 
of the object being heated and horizontally opposite a 
higher portion of the object, a chamber enclosing the object 
and connecting indirectly at the top through and around a 
baffle wali with the combustion chamber and at the bot- 
tom with a flue, the baffle wall being situated horizontally 
between the combustion chamber and the object being 
heated and being adapted to prevent direct impingement 
of flame and gases from the combustion chamber upon the 
object. 

High-temperature controlling method. H. K. Ricnarp- 
SON AND F. A. Newcomse (Canadian Westinghouse Co., 
Ltd.). Can. 371,460, Jan. 25, 1938 (Dec. 13, 1935). 

G.M.H. 

Machine for printing directly on metal or glass, etc. 
FREDERICK SHURLEY (Ceramic Machinery Distributors, 
Ltd.). U. S. 2,108,597, Feb. 15, 1938 (Feb. 14, 1934; Dec. 
30, 1935). 

Means for casting clay pipe. W1LL1am Washo ,( Pacific 
Clay Products). U. S. 2,109,078, Feb. 22, 1938 (Dec. 4, 
1935). In a device for casting clay pipe, a lower tubular 
mold formed integral having a lower internal shoulder 
sloping inwardly and downwardly and a lower outward 
flare below the shoulder to the bottom of the lower portion 
of the mold, an upper mold section having a transverse 
joint with the lower mold connected by interfitting recesses 
and dowels, the upper mold having a plurality of vertical 
joints with interconnecting recesses and dowels, the upper 
mold having a collar forming enlargement with a lower 
shoulder sloping outwardly and upwardly, an annular 
surface thereabove having an outward slope, an upper 
shoulder sloping upwardly and inwardly and having a 
funnel surface sloping upwardly and outwardly from the 
inner edge of the second shoulder, the upper and lower 
molds being relatively thick compared to their internal 
diameter and formed of a water-absorbent material, the 
upper funnel surface being adapted to operate as a guide 
for a clay trimming tool at the top of the mold, and the 
lower flared surface being adapted to act as a guide for a 
trimming tool at the lower part of the mold. 

Process and installation for making pottery. W. J. 
Mixer. U. S. 2,109,028, Feb. 22, 1938 (Nov. 4, 1931). 
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Sedimentation device. W.E. Messer ( Dorr Co., Inc.). 
Can. 371,799, Feb. 8, 1938 (Nov. 29, 1935; in U. S., Dec. 
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Tile-fettling mechanism. E. B. CoLttincHam anp C. J. 
A. Owen. Brit. 479,604, Feb. 23, 1938 (Aug. 11, 1936). 


22, 1934). G.M.H. 
Kilns, Furnaces, Fuels, and Combustion 
Coal hydrogenation. Primary liquefaction by destruc- Electric furnaces in ceramics. M.D. Argile, No. 1, 


tive hydrogenation of the oxygen, nitrogen, and sulfur 
linkages. C. H. FisHeR AND ABNER Ersner. Ind. Eng. 
Chem., 29 [12] 1371-76 (1937).—To obtain information 
regarding the elimination of the inorganic elements in the 
coal substance during the primary liquefaction, a Pitts- 
burgh bed coal was hydrogenated in tetrahydronaphthalene 
for 3, 6, 9, and 12 hr. at 385°, 400°, and 415°C. The most 
marked changes occurred in the first 3-hr. period when 
about 60% of the oxygen was removed. The remaining 
40% of the oxygen was eliminated with much greater 
difficulty. These results appear to indicate that at least 
two types of oxygen linkage are present in coal. The elimi- 
nation of nitrogen was very slow and approximately con- 
stant. Sulfur removal, which occurred to the greatest 
extent in the first 3 hr., was also slow. Several conclusions, 
which must be regarded as tentative until confirmed by 
later work, were drawn from the analytical and yield data 
concerning the mechanism of the primary liquefaction 
and the nature of the oxygen linkages in coal. Illustrated. 
See Ceram. Abs., 17 [1] 34 (1938). F.G.H. 
Coal hydrogenation. U.S. Bureau of Mines experimen- 
tal plant. H. H. Srorcs, L. L. Hirst, P. L. Goipen, 
I. I. Puvxet, R. L. Boyer, J. R. SCHAEFFER, AND R. H. 
KALLENBERGER. Ind. Eng. Chem., 29 [12] 1377-80 (1937). 
—An experimental plant for the continuous hydrogenation 
of about 100 Ib. of coal/24 hr. is described. The major dif- 
ficulties experienced in the operation of the plant and the 
solutions adopted are discussed. Typical results on the 
liquid-phase hydrogenation of Pittsburgh seam coal are 
given. Illustrated. F.G.H. 
Design and firing of kilns: I, Study and record of mod- 
ern practice. Anon. Brit. Clayworker, 46 (550) 385-88 
(1938).—The design, setting, and firing of a Scotch kiln, 
the downdraft kiln in general, and the beehive type in par- 
ticular are discussed. R.A.H. 
Dust removal from chimney gases. D. BROWNLIE 
Steam Engr., 7, 137-39 (1938).—The removal of dust from 
the chimney gases of the Boston Edison Co. by water- 
scrubbing is described. L.R.B. 
Effect of thermal insulation of arc furnaces on current 
consumption. H. Werrzer. Stahl & Eisen, 57, 697-702 
(1937).—The characteristics of six Austrian furnaces were 
investigated, especially the relations between current con- 
sumption, melting time, and furnace life. Attempts to 
reduce the radiation loss by thickening the walis and the 
roof and so reducing the temperature of the cold face are 
useless, since the heat loss is only shifted. Losses in heating 
up and shutdowns are reduced by choosing a constructional 
material of low thermal conductivity. Insulation with 
Thermalite and two types of diatomite brick showed reduc- 
tions in melting current of 3 to 6% and in melting time, of 
11%. The replacement of 380 of the cooler magnesite 
brick by the (cheaper) diatomite brick resulted in a saving 
of 475 Austrian schillings per lining. A discussion is in- 
cluded. L.R.B. 


pp. 9-15 (1938).—Electric furnaces of the resistance type 
for firing ceramic products are briefly discussed. The ad- 
vantages of electric furnaces are noted. M.V.C. 
Electric heat in industry. H. Masuxowrrz. Eng. 
Progress, 18 [12] 261-66 (1937).—M. briefly reviews the uses 
of electric heat in various industries. In ceramics, he cites 
the firing of stoneware, terra cotta, tile, etc., in electric 
tunnel kilns. The firing of colors on glass and ceramic 
ware is increasingly carried out in electric furnaces. 
Leers in the glass industry are being fired electrically, and 
the vitreous enamel industry is using more electric fur- 
naces. 21 photographs. See “Application—" Ceram. 
Abs., 17 [3] 112 (1938). J.L.G. 
Industrial propane as a glass-plant fuel. ANon. Glass 
Ind., 18 [11] 377-80 (1937).—Propane is a hydrocarbon 
which, although normally gaseous, may be liquefied at 
ordinary temperatures and moderate pressures. It can be 
vaporized under ordinary conditions without the applica- 
tion of heat, and because of its high vapor pressure it ac- 
complishes certain savings through the use of higher distri- 
bution pressures. Combustion systems and burners used 
for burning industrial propane include nozzle mixing, 
atmospheric low-pressure premix, and high-pressure pre- 
mix burners. In addition to its use as a primary fuel, 
propane is being used in some large plants to enrich other 
low heating value gases, such as coke-oven or blast-furnace 
gas, providing a satisfactory fuel for luminous-flame in- 
stallations. The burner systems are discussed in detail, 
together with examples of industrial applications. 
E.J.V. 
Natural gas in Europe. LeGraye. Rev. Universelle 
Mines, 11 [7] 232-35 (1935).—Sources of natural gas are 
described, the most important being in Poland, Rumania, 
and the U.S.S.R., with figures on its utilization. The 
author finds that a considerable amount of such gas is 
wasted, that the production of by-products (gasoline and 
carbon black) is often imperfect, and that the industrial 
and domestic uses of the gas have been little developed. 
Some of these sources of natural gas, but not all, are close 
to deposits of petroleum. E.W5S. 
Phase equilibria in hydrocarbon systems: XIX, Thermo- 
dynamic properties of n-butane. B. H. Sacp, D. C. 
WeEssTER, AND W.N. Lacey. Ind. Eng. Chem., 29 [10] 
1188-94 (1937).—Specific volumes and latent heats of 
vaporization of n-butane were experimentally determined 
at temperatures from 70° to 250°F. From these and other 
published data the changes in enthalpy, entropy, and 
fugacity with temperature and pressure were calculated. 
The results are presented in tabular and graphical form. 
XX, Isobaric heat capacity of gaseous propane, n-butane, 
isobutane, and n-pentane. Jbid., {11) 1309-14.—Isobaric 
heat capacities at atmospheric pressure were determined 
for gaseous propane, n-butane, isobutane, and n-pentane 
at temperatures from 90° to 320°F. Several diagrams 
show the agreement of these measurements with the data 


= 


196 Ceramic Abstracts 


of other investigators. Illustrated. For Part XVIII see 
Ceram. Abs., 16 (8) 254 (1937). F.G.H. 

Smoke emission in the clay industry, particularly in the 
heavy clay industries. E. Rowpen anp A. T. GREEN. 
Proc. Nat. Smoke Abatement Soc., 8th Ann. Conference, 
Oct., 1936, pp. 31-51; Chem. Abs., 31, 8062 (1937).—A 
discussion is given. 

Sulfur removal from combustion gases. D. BROWNLIE. 
Steam Engr., 6, 508-10 (1937).—B. describes the results 
obtained by H. F. Johnstone at the Univ. of Illinois in the 
elimination of sulfur dioxide from waste combustion 
gases. See Ceram. Abs., 17 [3] 113 (1938). L.R.B. 

Thermodynamics in hydrocarbon research. CHARLES 
L. Tuomas, Gustav EcLorr, AND J C. Ind. 
Eng. Chem., 29 [11] 1260-67 (1937).—The differences 
between thermodynamic data from calorimetric measure- 
ments and those calculated from Raman and infra-red 
spectra are discussed. The new equation, AF°r = — 10,550 
— 5890n + 25.2nT — 2.27(m>1), has been derived for 
straight-chain paraffin hydrocarbons. Similarly, the new 
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equation, AF°r = 20,321 — 5835n — 33.26T + 24.52nT 
(n >2), has been derived for straight-chain olefins with the 
double bond in the terminal position. A table of standard 
free-energy values for 42 hydrocarbons at 298°, 500°, and 
in some cases at 1000°K is given. These data may be used 
to decide whether a reaction is thermodynamically possible 
and what temperature is advisable for finding a catalyst for 
the reaction. F.G.H. 
Why so many kinds of electric resistance furnaces? 
G. Smion. Elektrowdarme, 8 [1] 11-20 (1938).—S. gives an 
exhaustive survey with diagrammatic representation of 
30 types and the fields for which their application is indi- 


cated. M.H. 
Zig-Zag kiln. A complete technical analysis. V.Boprn. 
Brit. Clayworker, 46 (549) 355-57 (1938). R.A.H. 
PATENT 


Tunnel furnace for ceramic products. Soc. DES FOURS 
INDUSTRIELS ET METALLURGIQUES. Fr. 811,785, April 22, 
1937; Chem. Abs., 32, 744 (1938). 
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Bentonite. Vicror CHARRIN. Rev. Matériaux Con- 
struction Trav. Publics, No. 336, pp. 129-30B (1937).— 
The characteristics and uses of bentonite from Wyoming 
are briefly discussed. See Ceram. Abs., 16 [5] 159 (1937). 

M.V.C. 

Bibliography on properties and uses of bentonite. G. R. 
Woopwarp. Bull. Brit. Cast Iron Research Assn., 4 [4] 
465-66 (1937).—The bibliography contains 25 references 
and covers the period 1920 to 1936. A.PS. 

Classification of the natural silicates: I. CHaries K. 
Swartz. Amer. Mineralogist, 22 [11] 1073-87 (1937).— 
The fundamental fact in the classification of the silicates 
is the combination of SiO, tetrahedra by their solid angles. 
Five fundamental types are developed upon this basis and 
described. S. shows that the fundamental types may com- 
bine further to form complex types, whose characteristics 
are considered. The relation of this classification to earlier 
classifications is discussed. II. Jbid., [12] 1161-73.—The 
compositions and classification of the species of natural 
silicates are given as far as they have been determined by 
X-ray investigation, with references to the literature in 
which their structure is described. F.J.Z. 

Contemporaneous crystallization of beryl and albite 
versus replacement. B. M. SHaus. Amer. Mineralogist, 
22 [10] 1045-51 (1937).—The beryl-albite intergrowths 
occurring at the Golding-Keene and the Strichland feld- 
spar mines are of such a nature that an origin through the 
process of replacement is most unlikely; their relationship 
and other features clearly indicate a contemporaneous 
crystallization. F.J.Z. 

Deformation of single calcite crystals under high con- 
fining pressures. Davin Griccs. Amer. Mineralogist, 23 
[1] 28-33 (1938).—To supplement the work of investiga- 
tion of the characteristics of deformation of the calcite 
aggregates, limestone and marble, some experiments of the 
deformation of single crystals of calcite under conditions 
of high confining pressures were performed. The change 
in properties with pressure is remarkably different from 
changes observed in the aggregates, which suggests the 


possibility that a considerable portion of the deformation 
of the aggregates takes place by intercrystalline deforma- 
tion. The mechanism of deformation of single crystals 
does not change with pressure alone, and 1012 twinning is 
the dominant means of deformation. G. finds that twin- 
ning occurs on those twin planes where the deforming force 
resolved on the plane and in the direction and sense of 
twinning is maximum. F.J.Z. 

Deposits of crystalline magnesite and their distribution 
in the mountain structure of the eastern Alps. R.Scuwin- 
NER. Berg- & Hiittenmdnn. Jahrbuch Montan. Hochschule 
Leoben, 85 [3-4] 306-14 (1937).—S. gives an exhaustive 
description of the origin, formation, and geological, strat- 
igraphical, and geographical conditions, illustrated by 
charts showing details of the magnesite and talc deposits. 

M.H. 

Development of mechanical analysis of soil. VAcLav 
NovAx. Trans. Internat. Congr. Soil Sci., 3d Congress, 
Oxford, 1935, 2, 23-36 (1935); Chem. Abs., 32, 702 (1938). 
—A brief historical review is given. 

Geology and mining of the chrome-iron ore deposits of 
the Balkan mountains. G. HeIssLterrner. Berg- & 
Hiittenmainn. Jahrbuch Montan. Hochschule Leoben, 85 
[3-4] 338-44 (1937).—The peridotite serpentine ores form 
the bulk of the deposits and contain 40 to 48% Cr.O;; the 
production amounts to 8% of the world production. The 
ores with 40% Cr.O; are almost exclusively used in the 
refractories industry, and the richer ores are used for the 
production of ferrochromium, 60 to 70% Cr, and for high- 
grade refractories. Geological conditions, geographical 
distribution, and mining methods are discussed. M.H. 

Heavy minerals in granitic rocks of the Yosemite region. 
Apo.tpH Passt. Amer. Mineralogist, 23 [1] 46—53 (1938). 

F.J.Z. 

Lapis lazuli from San Bernardino County, California. 
Austin F. Rocers. Amer. Mineralogist, 23 [2] 111-14 
(1938).—A description of the rock from its only known 
locality in North America is presented. F.J.Z. 

Leightonite, a new sulfate of copper from Chile. 
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CHARLES PALAcHE. Amer. Mineralogist, 23 [1] 34-37 
(1938).—Leightonite, CuO-2CaO-K,0-4SO;2H,0, a new 
copper mineral from Chuquicamata, Chile, is described, 
and its optical properties are presented. F.J.Z. 
Mineral production of India during 1936.. A. M. Heron. 
Records Geol. Survey India, 72 {3| 237-332 (1937).—Data 
are presented on chromite, coal, copper, ilmenite, iron, 
magnesite, manganese, petroleum, and refractory minerals. 
A.P.S. 
Observations on bauxite. V. CHarrin. Argile, No. 1, 
pp. 1—5 (1938).—The opinion that bauxite is a variety of 
clay is misleading. The characteristics of both materials 
are discussed in detail, and French bauxite deposits are 
analyzed. See Ceram. Abs., 16 [3] 97, 99 (1937). 
M.V,C. 
Occurrence of gypsum in Kentucky. A. C. Munyan. 
Amer. Mineralogist, 22 [10] 1069-72 (1937). F.J.Z. 
Ore district of Panagjurischte in Bulgaria. K. A. 
Georcierr. SBerg- & Hiittenminn. Jahrbuch Montan. 
Hochschule Leoben, 85 [3-4] 320-30 (1937).—Topography, 
petrography, and geological conditions are described in 
detail. Metamorphous, magmatic, and sedimentary rocks 
are present, including andesite, slates, marl (CaCO;), and 
ore bearing veins of Cu, Fe, and S, with traces of Zn, As, 
and Au, and containing 12 g. Ag/ton. M.H. 
Ore range of Karamazar in western Turkestan. H. 
Wetser. Berg- & Hiittenminn. Jahrbuch Montan. Hoch- 
schule Leoben, 85 [3-4] 392-97 (1937).—W. describes briefly 
the geographical distribution of deposits of Pb, Zn, Ag, 
Au, As, Cu, W, and U with Ra. M.H. 
Organic matter in Arkansas bauxite. Origin and nature. 
Don Utiey. Ind. Eng. Chem., 30 [1] 35-39 (1938).— 
The bulk of the organic matter in Ark. bauxite comes from 
the overburden, especially from the lignitic clays. It is 
composed mostly of humic acids, humates, and their oxi- 
dation products. The oxidation products of these humic 
acids, after extraction with sodium hydroxide, may be 
separated into fractions insoluble in mineral acids but 
soluble in ethyl alcohol, soluble in acids but precipitated 
with aluminum hydroxide in neutral solution, and soluble 
in neutral solution. Analyses of the fractions separated 
are given where isolation was possible. Tests for specific 
compounds usually occurring in soils were negative. 
Fairly pure samples of humic acids were obtained from 
the lignites and analyzed. Analyses of inorganic material 
combined with humic acids from lignite and bauxite are 
given, and the chemical difference is shown. A satisfac- 
tory method for the determination of organic matter in 
bauxite is presented. Illustrated. F.G.H. 
Origin and coloring of clays. Grorces Vie. Argile, 
No. 1, pp. 21-23 (1938).—Clay, a hydrated silicate of 
aluminum, has a badly defined origin. Assumptions deal- 
ing with the formation of clays, such as thermal influences 
and weathering, are briefly discussed. The red coloring of 
clay, attributed to iron salts, is considerably accentuated 
by the presence of titanium. The coloring of French clays 
is discussed. M.V.C. 
Origin of montmorillonite. W. Harotp TomLinson 
AND ADOLPH E. MEreER. Amer. Mineralogist, 22 [11] 
1124-26 (1937).—The reaction of formation of a clay 
mineral at Glenn Riddle, Delaware County, Pa., is ex- 
pressed as follows: plagioclase + basic magnesium car- 
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bonate + water = montmorillonite + calcium carbonate 
+ sodium carbonate. The last two salts are removed in 
solution. F.J.Z. 

Particle size in relation to base exchange and hydration 
properties of Putnam clay. D. M. Wuirr anp L. D. 
Baver. Jour. Amer. Soc. Agron., 29, 905-16 (1937); 
Chem. Abs., 32, 701 (1938).—Particles of the size used in 
this investigation are stable under rather drastic dispersion 
treatments. The 2-micron fraction was resuspended 211 
times. Particles below 1 micron possess very different 
properties from the particles above this size. The fraction 
between 1 and 0.5 micron is almost entirely absent in this 
soil, but its properties can be obtained by interpolation. 
The property of swelling is not present in particles greater 
than 1 micron, and the maximum toluene adsorption takes 
place in the same particle-size range. A sharp break in 
exchange capacity also occurs near this point. On the 
basis of these few properties, 1 micron is not far from the 
upper limit of colloidal size in Putnam silt loam. 

Philippine chromite. ANon. Mineral Ind., 45, 61 
(1936).—Beginning in 1937, 28,000 tons of ore from the 
Masinloc deposit were to be shipped to the U. S. A 
chromite deposit also occurs at Zimbales. B.C.R. 

Present-day scientific knowledge in the service of the 
ceramic industry. Maurice Déristrt. Argile, No. 169, 
pp. 5-9; No. 170, pp. 17-21 (1937); see Ceram. Abs., 16 
[3] 98 (1937). M.V.C. 

Productive feldspar and kaolin deposits in middle, east, 
and south Europe and their economical importance. F. 
KIRNBAUER. Berg- & Hiittenminn. Jahrbuch Montan. 
Hochschule Leoben, 85 [3-4] 291-67 (1937).—Geological 
and geographical conditions are described, and statistics on 
production and exports are given. Czechoslovakia produces 
between 300,000 and 400,000 tons of kaolin per year. 

M.H. 

Properties of Indian bentonites. D. R. Mrrra ANp 
A. Rem. Proc. Indian Sci. Congr., 25th Congr., 1938, Part 
3, p. 99.—The chemical and physical properties of seven 
Indian bentonites are discussed and contrasted with those 
of a treated American bentonite. Of the seven, four are 
believed to be true bentonites; the others are sub-benton- 
ites. Three are mixtures of alkali and alkali-earth benton- 
ites, while the American is a true alkali bentonite. The 
fourth is a calcium bentonite readily converted to the 
sodium form by base exchange. The Indian samples give 
stable suspensions at low concentrations with the exception 
of the calcium bentonite, which on base exchange gives 
very stable suspensions. Hydrogen-ion concentration 
values of these suspensions vary with time but eventually 
become constant. Six of the samples pass the suggested 
MgO test for bentonite; the calcium bentonite easily 
passes after base-exchange treatment. Thixotropy is de- 
veloped to a varying extent by suspensions of the bentonite 
in water, that of the calcium bentonite being greatly en- 
hanced on conversion to the sodium form. The samples 
show varying degrees of efficiency in increasing the vis- 
cosity of drilling fluids, none of them approaching in effec- 
tiveness the American product. The Indian bentonites 
can possibly be improved by suitable treatment; a few 
commercial uses are suggested. A.PS. 

Properties and uses of lithium. J.Srars. Rev. Univer- 
selle Mines, 10, 635-37 (1934).—S. gives an exhaustive 
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description of the physical and chemical properties of 
lithium, occurrence of its ores, uses of lithium-containing 
rocks in glass and porcelain making, uses of lithium and 
lithium salts, liberation of the metal, and its use in alloys. 
E.W.S. 
Pyrophyllite talc mining booms in North Carolina. 
Anon. Eng. Mining Jour., 139 [1] 36-37 (1938).— 
Pyrophyllite is a hydrous aluminum silicate physically 
quite similar to steatite, hydrous magnesium silicate. 
Pyrophyllite mining has recently expanded in N. C., until 
there are now six grinding plants working on this mineral. 
The plant of Pyrophyllite Talc Products, Inc., at Glendon, 
is described. Accessory minerals are quartz, sericite, 
graphite, occasional cubes of pyrite, chloritoid, and traces 
of limonite. The pyrophyllite often grades imperceptibly 
into sericite. Recent ceramic researches indicate that it 
can be used to replace Cornwall stone in wall-tile bodies. 
It gives great uniformity over the firing range and lowers 
moisture expansion. In white tile it prevents crazing. It is 
also used in tale-porcelain bodies. Vitrified talc-porcelain 
bodies are tough but have a relatively short firing range. 
Pyrophyllite is said to be useful in making fire brick, re- 
fractory cements, and plastics. Analyses by J. L. Stuckey 
are as follows: pyrophyllite: water (loss on ignition) 5.54, 
silica 64.68, alumina 28.34, ferrous oxide 0.60, magnesia 
trace, soda 0.38, and potash 0.01%; sericite: water (loss 
on ignition) 5.05, silica 47.07, alumina 36.89, ferrous oxide 
0.42, magnesia 0.20, soda 1.34, and potash 8.21%. Two 
photographs. J.L.G. 
Rare alkali biotite from Kings Mountain, North Caro- 
lina. FRANK L. Hess AND ROLLIN E. STEVENS. Amer. 
Mineralogist, 22 [10] 1040-44 (1937). F.J.Z. 
Recent data on bentonite of Tétény. M. VeENDL. 
Magyar Kir. Jézsef Nddor Missaki és Gasdasdégtudoményi 
Egyetem Bénya-, Kohé- és Erdémérnéki Kar, Sopron. A 
bdnya és kohémérnoki osstdly K dsleményei, 9, 320-26 (1937). 
—New results of investigations on the nature of bentonite 
show that it is a clayey ash tuff embedded in the Sarmatian 
limestone and must be considered as montmorillonite of 
an andesitic type, the vitreous basis of which has been 
devitrified. 20 references. M.H. 
Recent developments in the use of contact clays. S. R. 
Funsten. Refiner & Natural Gasoline Mfr., 16 [6] 237 
(1937).—F. discusses (1) laboratory and plant test data 
on various clays, (2) a test method of determining the 
decolorizing efficiencies of contact clays, and (3) plant 
clay handling and mixing equipment. Numerous charts 
of physical, chemical, and cost data are included. 
J.J.H. 
Refractory clays of the Belkinskii deposits. D. P. 
Zeczupa. Ogneupory, 4 [5] 307-11 (1936).—The large 
deposits of plastic Belkinskii clays are described. The 
chemical, mechanical, ceramic, and physicochemical prop- 
erties of these clays are discussed. M.V.C. 
Relation of leightonite to polyhalite. M.A. Peacock. 
Amer. Mineralogist, 23 [1] 38-45 (1938). F.J.Z. 
Riebeckite in quartz veins from the Michipicoten dis- 
trict, Ontario. J. E. Hawiey. Amer. Mineralogist, 22 
[11] 1099-1103 (1937).—A fibrous variety of riebeckite is 
described as occurring in quartz veins and in both granitic 
and basic volcanic wall rocks in the Michipicoten area, 
Ontario. It represents one of the last stages of hydro- 
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thermal alteration, replacing all other minerals present, 
particularly quartz, greenish muscovite, epidote, and car- 
bonates. F.J.Z. 
Scientific manufacture of ceramic building materials. 
F. CHaLaMEL. Rev. Matériaux Construction Trav. Publics, 
No. 329, pp. 21-23B; No. 330, pp. 38-40B; No. 331, pp. 52- 
58B; No. 331, pp. 68-76B; No. 333, pp. 82-88B (1937).— 
C. gives a detailed analysis of the composition of French 
raw materials, in particular feldspar, used in the manu- 
facture of stoneware tile; the manufacturing procedure is 
described. See Ceram. Abs., 16 [6] 179 (1937). 
M.V.C. 
Selective incrustation of minerals. CLIrroRD FRONDEL. 
Amer. Mineralogist, 22 {11} 1104-16 (1937).—The crystal- 
lization of one mineral upon another in the formation of a 
a mineral incrustation is, in general, influenced by adsorp- 
tion at the boundary between the incrusted crystal and the 
solution. When a mineral crystallizes in the presence of 
drusy crystals of several earlier-formed species, adsorption 
may induce the selective incrustation of one of the species. 
Chemical reaction between a solution or sol and the sur- 
face of the incrusted crystal (chemosorption) may also 
affect selectivity. Instances of incrustations selective be- 
tween minerals are described, and the incrusting relations 
of several groups of common minerals are discussed in the 
light of such evidence and experimental adsorption data. 
Minerals which are identical or nearly identical in crystal 
structure have a marked tendency to incrust each other in 
preference to other species. Quartz and the members of 
the calcite group have a tendency toward crystallization 
upon each other. Quartz and the metallic sulfides either 
are without a tendency for crystallization upon each other 
or, more probably, are antipathic in this relation. The 
metallic sulfides tend to crystallize upon the minerals of 
the calcite group and upon fluorite. F.J.Z. 
Structural investigation of the isomorphism of the apa- 
tite group. Duncan McConneL_. Amer. Mineralogist, 
23 [1] 1-19 (1938).—All of the minerals examined are 
structurally similar to apatite, i.e., they have the space 
group Céa, as indicated by the similarities of the spacings 
and the intensities of their powder diagrams. The formu- 
las, lattice dimensions, and densities of representative 
specimens are given in tabular form. The isomorphism 
of this group is considerably more complicated than has 
been previously recognized. The value of accurate and 
complete analyses can not be overemphasized in connec- 
tion with any further investigations of these minerals. 
Analyses which are incomplete or which were made by 
methods now obsolete or on heterogeneous materials are 
almost valueless for this work in view of the complexity 
of the isomorphism. F.J.Z. 
Structural relationships of kaolinites and anauxites. 
F. Macwatscuki. Amer. Mineralogist, 23 [2] 117-18 
(1938). F.J.Z. 
Taenolite from Magnet Cove, Arkansas. H. D. MIsER 
AND R. E. Stevens. Amer. Mineralogist, 23 [2] 104-10 
(1938).—The physical and opiical properties, chemical 
analysis, and X-ray pattern of taenolite, an exceedingly 
rare lithium-magnesium mica, are given. F.J.Z. 
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1936. E.M.Tuom. U. S. Geol. Survey Bull., No. 892, 
504 pp. Supt. of Documents, Govt. Printing Office, 
Washington, D.C. Price 50¢. The bibliography of North 
American geology, including paleontology, petrology, and 
mineralogy, lists publications on the geology of the con- 
tinent of North America, adjacent islands, Panama, and 
the Hawaiian Islands. It includes textbooks and papers 
of general character by American authors but not those by 
foreign authors, except papers that appear in American 
publications. See Ceram. Abs., 15 [7] 218 (1936). 
R.A.H. 

Industrial Minerals and Rocks: (Nonmetallics Other 
than Fuels). Edited by Samuget H. Do_sear, Chairman, 
AND OLIVER Bow Les, Vice-Chairman, Committee on the 
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Industrial Minerals Volume. American Institute of Min- 
ing and Metallurgical Engineers, New York, 1937. 955 
pages. Price $6 net. Briefly reviewed in Eng. Mining 
Jour., 139 [1] 58 (1938).—This compact library on the 
nonmetallics consists of 48 chapters, each written by a 
specialist on the mineral or group of minerals treated. 
J.L.G. 
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Magnesium production. Danie. GARDNER. 
371,550 to 371,555, Jan. 25, 1938 (Dec. 3, 1936). 
G.M.H. 

Mineral separator. W.H. Berrisrorp. Can. 371,751, 
Feb. 8, 1938 (June 16, 1934). G.M.H. 
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Atomic packing models of some common silicate struc- 
tures. J. E. Dorris, CLirrorp Fronpet, W. C.GUssow, V. 
M. Lopez, C.S. Lorp, WILLIAM PARRISH, AND J. A. SHIMER. 
Amer. Mineralogist, 23 (2) 65-84 (1938).—Construction 
data for models of some of the more representative silicates, 
viz., zircon, olivine, diopside, muscovite, and sanidine, are 
presented. Photographs and diagrams are included. 

F.J.Z. 

Cadmium spot tests. F. P. Dwyer. Jour. Australian 
Chem. Inst., 5 [1] 32-40 (1938).—‘‘Cadion 2B,” 4-nitro- 
naphthalenediazoaminobenzene, will detect one part of 
Cd in 50,000 of Zn or 5000 of any other common metal 
except Hg. See Ceram. Abs., 16 [5] 162 (1937). H.H.S. 

Comparative observations on the determination of 
silicic acid in soluble materials. W.v.TONGEREN. Chem. 
Weekblad, 34 [48] 774-77 (1937).—T. describes the various 
methods in use of which a modification of the ammonium 
method is the most convenient, only 1 g. of a finely pow- 
dered sample being required and a very pure SiO, being 
precipitated. The exact procedure is described. M.H. 

Determination of beryllium and aluminum. A. C. 
Rev. Matériaux Construction Trav. Publics, No. 333, p. 95B 
(1937).—The method is based on the quantitative separa- 
tion of Be in acetic medium by precipitating it with alkaline 
phosphates in the state of phosphates of Be and of am- 
monium. The precipitate is filtered, washed, dried, and 
calcined as pyrophosphate of Be. Mg is precipitated by 
o-oxyquinoline in armmoniacal medium. Cobalt and nickel, 
if present, are eliminated simultaneously with the iron. 
The presence of Cr does not interfere with the deter- 
mination of Al and Mg, but it hampers the determination 
of beryllium. M.V.C. 

Determination of chromium in chromite. Procedure 
employing a mixture of phosphoric, sulfuric, and perchloric 
acids. G. Freperick SmitrH AND C. A. Getz. Ind. Eng. 
Chem., Anal. Ed., 9 [11] 518-19 (1937).—A rapid method 
for the solution of all types of chromite ore, using a mix- 
ture of phosphoric and sulfuric acids, is described. After 
solution in mixed phosphoric and sulfuric acids, the chrom- 
ium is oxidized, using concentrated perchloric acid at 215°C, 
and is treated for a brief time with potassium permanga- 
nate. Im the determination of hexavalent chromium, 
standard ferrous sulfate is used with ferroin as indicator. 
The new process was used for the analysis of 13 samples of 
chromite and chrome refractories from a wide variety of 


sources, and no exceptions to its applicability were found. 
The method is rapid, accurate to within less than 2 parts 
per thousand, and not costly. F.G.H. 
Determination of copper, zinc, and lead in silicate rocks. 
E. B. Sanpeii. Ind. Eng. Chem., Anal. Ed., 9 (10) 464-69 
(1937).—S. describes a colorimetric method for the de- 
termination of the small amounts of copper, zinc, and lead 
occurring in rocks, which is based on the use of dithizone 
(diphenylthiocarbazone, phenylazothionoformic acid, phe- 
nylhydrazide), a reagent which is well suited for the 
purpose because of its great sensitivity. The procedure 
developed is based on the investigations of Hellmut 
Fischer (Ceram. Abs., 13 [7] 193 (1934)) and others on the 
use of dithizone for determining traces of heavy metals. 
The sample is decomposed with hydrofluoric-perchloric 
acid and sodium carbonate, and the resulting solutions are 
extracted with a carbon tetrachloride solution of dithizone 
in a slightly basic medium in the presence of citrate. Cop- 
per, zinc, and lead form dithizonates which dissolve in the 
carbon tetrachloride, whereas the major constituents of 
the rock remain in the aqueous phase. The carbon tetra- 
chloride layer is separated and shaken with 0.01N hydro- 
chloric acid, whereby the dithizonates of zinc and lead 
are decomposed, giving the chlorides of these metals in 
the aqueous phase; the copper complex is not decomposed 
by the dilute acid and remains in the carbon tetrachloride. 
The latter is evaporated to dryness, and the residue is 
ignited to cupric oxide which is dissoived in hydrochloric 
acid; the copper in this solution can be determined by 
extractive titration with dithizone-carbon tetrachloride 
at a pu of approximately 3.5 or by mixed-color colorime- 
try with the same reagent in acid solution. The 0.01 
N hydrochloric acid solution containing the zinc and lead 
is made up to volume, and the two metals are determined 
colorimetrically in separate aliquots with dithizone: zinc 
by the mixed color technique at a pu of about 4.1 in the 
presence of thiosulfate to prevent the interference of lead; 
and lead in an ammoniacal solution containing potassium 
cyanide to prevent the reaction of zinc. Illustrated. 
F.G.H. 
Determination of lead on water. J. W. HAWLEY AND 
W. Wiuson. Analyst, 62 [732] 166-72 (1937).—Two 
methods, one electrolytic, the other concentration, are 
described. The electrolytic method is recommended for 
the highest precision and when the water is contaminated 
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with other metals. (1) Electrolytic: The Pb is precipitated 
as sulfide in the presence of excess Cu salts at pu 4 to 5. 
The mixed sulfides are filtered and washed with saturated 
H2S water. The filter paper is destroyed by a wet com- 
bustion. Pb is electrolyzed as PbO,; this deposit is 
dissolved from the electrode, and Pb is estimated colori- 
metrically as sulfide. (2) Concentration: The water is 
acidified and concentrated to a small volume. Organic 
matter is oxidized by KCIO; and HCl. Pb is precipitated 
as sulfide at pu 4 to 5. The filtered sulfide, washed, is 
dissolved in concentrated HNO;. The solution is evapor- 
ated to dryness with H,SO, to destroy filter paper fiber if 
present. PbSO, is dissolved in boiling ammonium acetate, 
and, after filtration, Pb is estimated colorimetrically as 
sulfide. H.H.S. 
Determination of uncombined lime in Portland cement. 
The ethylene glycol method. D. R. MacPHERSON AND 
L. R. Forpricn. Ind. Eng. Chem., Anal. Ed., 9 [10] 
451-53 (1937).—The applicability of the ethylene glycol 
method of Schlapfer and Bukowski to the determination 
of uncombined calcium oxide or hydroxide in Portland 
cements, clinkers, and hydrated cements was studied. 
When modified, the ethylene glycol method, which re- 
quires only 40 min. for a complete determination, is satisfac- 
tory for determining uncombined calcium oxide in clinker 
and Portland cement and may be substituted for the 
glycerol alcohol method which requires from 1 to 7 hr. 
for completion. The ethylene glycol method can not be 
recommended for determining uncombined calcium hy- 
droxide in hydrated Portland cement because, in the older 
samples, it is not completely dissolved, presumably on 
account of its coarsely crystalline state and because hy- 
drates of the alumina compounds decompose in the pres- 
ence of ethylene glycol. Illustrated. F.G.H. 
Determining moisture content in refractory and other 
materials by the distillation method. P. I. Do.rnskii. 
Zavodskaya Lab., 6, 633-34 (1937). P.B.& ES. 
Device to determine the oxygen content of the air. 
A. RomwaLter. Magyar Kir. Jozsef Nddor Miiszaki és 
Gazdasdgtudomdnyi Egyetem Banya-, Kohé- és Erdémérnoki 
Kar, Sopron. A bénya és kohémérndki osztdly K ézleményei, 
9, 89-92 (1937).—A more convenient modification of the 
Lindemann-Winkler apparatus is described which, after 
3 min. of taking the air sample, permits the reading of the 
O content with an accuracy of 0.1%. M.H. 
Direct determination of aluminum oxide in silicates. 
P. N. Gricor’Ev AnD V. G. DuBovirzkil. Ogneupory, 5 
[2] 105-11 (1937).—A method for a direct determination 
of aluminum oxide in silicates, in particular in refractories, 
has been developed. It is based on a gravimetric determi- 
nation of alumina by means of its precipitation with am- 
monia from the filtrate obtained after the separation of 
iron with caustic alkalis. The volumetric determination 
consists in the determination of alumina from the same 
filtrate, after neutralizing it with hydrochloric acid, and by 
titrating it with a titrated solution of limewater and 
phenolphthalein. M.V.C. 
Effect of heating upon the exchange capacity of soils. 
Yutaka Kamosuita. Jour. Sci. Soil Manure, Japan, 11, 
343-48 (1937); Chem. Abs., 31, 8091 (1937).—Changes in 
base-exchange capacity of soils heated to 100° to 800° 
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depended on the molecular ratios of SiO, to Al,O; and to 
Ai,O; + Fe,O; of the soil. 

Effect of various gases on the course of the reaction 
between zinc oxide and chromic oxide. Gustav F. 
Hotric, SUZANNE CASSIRER, AND Srrorzer. Z. 
Elektrochem., 42 [5] 215-22 (1936).—A study of the inter- 
mediate states in the reaction between ZnO and Cr,O; in 
the presence of NH;, A, H,O, CH;OH, N,O, and air was 
made by heating stoichiometric mixtures of the solids to 
temperatures from 50° to 500° and observing the hygro- 
scopicity, color, and magnetic properties of the quenched 
melts. The series of measurements was compared with 
measurements in vacuo. In vacuo a first phase holding up 
to 250° is characterized by a drop in hygroscopicity. A 
second phase of activation resulting from a formation of a 
surface layer of CrzO; on the ZnO shows a drop in water- 
binding power and a fall in magnetic susceptibility. This 
is followed by a period of inner diffusion of the Cr.O; 
where hygroscopicity increases and magnetic suscepti- 
bility falls. Above 400° a period is noted where crys- 
tals of ZnCrO, form. All of the added gases exerted an 
effect on the magnitude of these changes and the tempera- 
ture at which they occurred due to adsorption, but there 
was nothing systematic in the effects. The behavior of 
such intermediate states as mixed catalysts was discussed. 

E.J.V. 

Free two-dimensional crystals of silicon pentoxide. 
N. A. SuisHakov. Phil. Mag., 24, 687-95 (1937); see 
Ceram. Abs., 16 [11] 358 (1937). C.J.P. 

Inversion of quartz to tridymite: VI-VIII. S. Konno, 
T. VYamaucai, AND Y. Kora. Jour. Soc. Chem. Ind. 
Japan, 40 (6) 214—-15B (1937).—The thermal expansion of 
tridymite and cristobalite and the thermal reaction and 
residual expansion of cristobalite were studied. IX-XII. 
Ibid., [7] 233-35B. XIII-XIV. S. Konpo anp T. YAMAvu- 
cut. Ibid., [8] 281-82B.—The production of silica trick 
and some physical properties of these brick are dealt with. 
For Parts III-V see Ceram. Abs., 15 [4] 134 (1936). 

M.V.C. 

Isomorphism and oversaturation. L. J. KLINKENBERG. 
Chem. Weekblad, 34 [39] 617-19 (1937).—The principles of 
isomorphism are briefly explained, and recent develop- 
ments of its conception are surveyed. K. shows that the 
X-ray analysis of crystals has made it possible to give an 
exact definition, viz., that isomorphous compounds must 
belong to the same type, the ratio of their dimensions must 
not be too diferent, both elementary cells must have the 
same amount of positive and negative atoms in groups of 
atoms, and these atomic groups must occupy geometrically 
analogous places in the elementary cell. The old definition 
for isomorphism, 1.e., mixability and the prevention of 
oversaturation, is no longer valid. Examples of isomor- 
phous crystals with lattice dimensions are given in a table. 

M.H. 

Latent heat of fusion. N. S. BINAvENDRA. Gazz. 
Chim. Ital., 67 [11] 714-15 (1937).—According to B.’s ex- 
periments, the latent heat of fusion can be expressed by 
the formula L = K X Y'/*, where FY is the surface tension 
and XK is a constant, dependent on the nature of the lattice 
structure, varying between 0.78 and 1.09. A table gives 
the constant for a number of elements. M.H. 

Measurement of strain in opaque bodies. H. Scnuiz. 
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Glastech. Ber., 15 {8} 301-306 (1937).—Strains in certain 
bodies are best determined by effects on their optical 
constants. When the state of strain can be reproduced 
exactly by external forces, a transparent model can be 
used in the study of opaque bodies. Thermal strains in 
opaque bodies can be detected by rotation of the plane of 
polarization of light reflected from the surface. The ac- 
curacy with suitable experimental conditions is sufficient 
for practical purposes. J.F.H. 

Microanalysis of silicates. F. Hecut. Mikrochim. 
Acta, 2, 188-208 (1937); Chem. Abs., 32, 881 (1938).— 
Complete directions for analyzing silicates and determin- 
ing SiO,, Al,O;, FexO;, FeO, MgO, CaO, Na,O, K,O, H,0O, 
CO,, TiOz:, P:Os, S, and MnO are given. H. recommends 
the use of 8 samples of each mineral, each weighing 10 to 
20 mg. In the first only SiO, is determined. The second 
sample serves for Al,O;, total Fe, CaO, MgO, TiO:, and 
MnO. The third sample serves for determining water 
below 110° and for P,O;. The fourth sample is for water 
above 110°, the fifth for total S, the sixth for Na,O and 
K,0O, the seventh for FeO, and the eighth for CO,. Typical 
results obtained with five minerals are tabulated, and the 
results compare favorably with those obtained in the usual 
way with samples 100 times as large. 

Microchemical test for selenium. M. HARRISON Evans. 
Amer. Mineralogist, 22 [11] 1128-30 (1937).—The new 
test, using thiourea (SC(NH:2):), has the advantage that 
the very highly colored product is distinctive, and by ob- 
serving certain precautions, it is specific and not interfered 
with by other elements in the test solution. F.J.Z. 

Microdetermination of carbon and hydrogen. ApDAL- 
BERT Evex. Ind. Eng. Chem., Anal. Ed., 10 [1] 51-52 
(1938).—E. describes experiences in the microdetermina- 
tion of carbon and hydrogen with suggestions and modifica- 
tions as to the method and technique. The technique, us- 
ing two boats and two capillaries, has contributed to the 
accuracy of carbon and hydrogen determinations for 
easily subliming or volatile substances. F.G.H. 

Micromethod for determination of melting points. B. 
MEZENER AND S. WeEHRLI. Helv. Chim. Acta, 18 [6] 
1281-83 (1935).—A description is given of a method 
which avoids loss of valuable material, especially in the 
toxicological field where only very small amounts are 
available. E.W5S. 

Possibilities of spectroscopy. P.Swincs. Rev. Univer- 
selle Mines, 11 [8] 276-80 (1935).—S. shows the parallel 
development of theoretic spectroscopy and knowledge of 
the constitution of matter, the position of the spectra! 
rays being in relation to the atomic or molecular energies, 
t.e., to the electronic distributions, the vibrations within 
the molecule, and the globular rotation of the latter. The 
interpretation of the spectra of elements has opened up the 
road to highly interesting researches in astrophysics and 
physicochemistry. Moreover, spectroscopy, which per- 
mits the making of qualitative and even quantitative 
analyses, begins to render the greatest services in the arts. 
Several examples of such analyses, as well as pictures and 
references, are given. E.W.S. 

Precision gas analysis. W. F. Futon. Refiner & 
Natural Gasoline Mfr., 16 [6] 284-87 (1937).—F. describes 
instruments and materials used in the analysis of natural 
gas. The checking of recording calorimeters, with a con- 
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structed precision calorimeter similar to the one used by 
the Bureau of Standards, is also described. J.J.H. 

Progress in the field of gas analysis. H. van Dam. 
Ing. chim., 21, 94-118 (1937); Chem. Abs., 31, 8259 (1937). 
—A sturdy Orsat apparatus is made with pipets suspended 
from a Pyrex capillary manifold by means of rubber con- 
nections. The free end of the absorbing bulbs is covered 
with a small rubber sack to keep out the outside air, except 
that bulb containing Br water, which has a layer of paraffin 
oil floating over the water. Preparation of the solutions, 
particularly CuCl, and a description with a drawing of the 
combustion process are given. In burning CH,, the CO, 
formed must be removed each time before the gas is re- 
passed over the CuO, as CH, does not burn completely in 
the presence of CO,. Under proper conditions the analysis 
should be completed in '/; hr. The apparatus is cleaned, 
after dismounting, with 5 to 10% HF; contact of the solu- 
tion with the ground surfaces is to be avoided. A portable 
apparatus for analysis of gas by fractional condensation is 
described. The Pyrex apparatus, joined without any rub- 
ber connections, has a mounting for 4 U tubes in a square 
which can be cooled with liquid air or liquid O. The 
Dewar flasks are mounted with a rack and pinion. For 
other temperatures, Al blocks cooled to the desired tem- 
perature give remarkably constant temperatures. De- 
tails of the process and methods of analysis are given. An 
apparatus for taking a mean sample of gas from the main 
conduit, over a period of 24 hr., the amount taken to be 
proportional to the total flow, consists of a suction pump 
whose silica valves are covered with Hg and controlled by 
a magnet operated by an electric flowmeter. The magnet 
also controls the stopcocks of the pump. A floating bell 
jar constitutes the piston. When the current is broken, a 
spring returns the bell jar to its initial position, at the 
same time forcing the gas collected in it out through 
another valve into the gasometer. A detailed description 
with 3 drawings of the apparatus is given. 

Qualitative metallographic X-ray technique. A. J. 
BraDLEy. Read before International Association for 
Testing Materials, London, April, 1937; Sheet Metal Ind., 
11 [122] 573 (1937).—B. presents a brief accougt of the 
development of methods for obtaining accurate lattice 
spacings and improvements in the measurement of X-ray 
intensities from powder photographs. A.P.S. 

Quantitative separation of iron, aluminum, and chrom- 
ium from the other members of the ammonium sulfide 
group. G. Cuarior. Bull. Soc. Chim., [5] 4, 1235-44 
(1937); Chem. Abs., 31, 6996 (1937).—Of the various cat- 
ions in Group III, Fe*+** begins to precipitate below 
pu = 4, and at px = 5.4 less than 0.1 mg. of Fe remains 
in 100 ml. of solution. Al is incompletely precipitated at 
pa = 4.9 but less than 1 mg. Al remains in solution at 
fu = 54. Cr is not precipitated at pu below 6.2 in the 
absence of Fe*+**, but in the presence of Fe*** it is 
thrown down incompletely with the Fe; if less than 20 mg. 
of Fe*+** is present, the Fe*** is kept in solution by the 
Cr*+**, The presence of 0.2 g. of Fe*** causes the precipi- 
tation of 0.25 g. of Cr*** at pu 5.4, and about 2 mg. of 
Cr remains dissolved in 100 ml. of solution. With respect 
to precipitation of 0.1 to 0.01 M solutions at slowly in- 
creasing pu, Sn** and Zr precipitate at pa = 2; Hg*, 
Th, Fe***, and Ti at pu 4.3; Al at pa 4.9; U, Cr, Cu, 
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and Zn at pu 6.4; Ag and Be at pu 6.5; Co, Ni, Fett, 
Cd, Hg**, Pb, and Mn at pu 8.4; Mg at pu 10.5; Ti***, 
Ce, Ga, U****, Ta, and Cb precipitate before Fe*** and 
the rare earths are thrown down at pu 6.5 to 8.0. At 
pu 5.4 the separation of Fe-Zn; Fe, Al-Ca, Mg; Al-Ce, Fe, 
Al-Co, Fe-Ni; and Fe, Al-Mn is nearly quantitative (to 
within 1 mg.) but a double precipitation is necessary for 
Al-Zn, Al-Ni, and Fe-Ce. The results are fairly satis- 
factory in the difficult separation of Al-Zn. If the ratio 
of Fe:Cr is at least 1, the separation of Al, Cr, and Fe 
from Zn is fairly satisfactory. In the filtrate, Zn, Ni, and 
Co can be precipitated as sulfides at the same pu, and Mn 
remains in the filtrate. Above 0.1 mg. of Mn is thrown 
down with precipitated sulfides at pu 5.4. 

Slag systems: FeO-Al,O, and FeO-MnO-Ai,O,. R. 
Hay, A. B. MclInrosn, J. R. Rart, anp J. Wuirte. 
Jour. West Scot. Iron & Steel Inst., 44 |6) 85-92 (1937).— 
System FeO-Ai,0,: a eutectic temperature of 1305°C corre- 
sponding to a composition of 5% AlO; and 95% FeO was 
found; the formation of 3FeO-Al,O; from FeO-Al,O; and 
FeO occurred at 1225°C; transformation takes place very 
slowly; the fluidity of the melts was high for small percent - 
ages of Al,O; and decreased rapidly as the Al,O; content was 
increased beyond 5%. System FeO-MnO-Ai,0,: a diagram 
shows no true ternary eutectic point ; an invariant point was 
found for a composition of 20 Al,O;, 40 MnO, and 40% 


FeO 
FeO; in t issociati f Fe,O;, th tio of —— i 
eO; in the dissociation of Fe,O;, the ratio o F is 


decreased with increasing amounts of CaO and O,; the 
ratio is increased with increased temperature and increas- 
ing percentage of SiO». B.C.R. 

Supplement to “A compilation of phase-rule diagrams 
of interest to the ceramist and silicate technologist.” 
F. P. Hatt AND HERBERT INSLEY. Jour. Amer. Ceram. 
Soc., 21 [4] 113-66 (1938); see ibid., 16 [10] 455-568 
(1933). 

Temperature-viscosity relationships of coal slags: I, 
Methods of investigation and results. K. ENDELL AND 
C. Wens. Z. Ver. deut. Chem. ( Betheft), No. 12; ab- 
stracted in Angew. Chem., 48, 76-77 (1935).—Tempera- 
ture-viscasity relationships of coal slags and synthetic mix- 
tures of the quaternary system SiO,—Al,O,—Fe,0;—CaO were 
measured, and various graphs are given. Since the abso- 
lute measurements of the viscosity require complicated 
devices, measurements of relative viscosity by means of 
the grooved viscosimeter permitted measurement of the 
flowing periods of the slags resulting from the ashes in de- 
pendence on the temperature. For higher viscosities it 
was more convenient to observe the slumping of the ash 
cone by means of a telescope with micrometer ocular. II, 
Conclusions for the firing techniques. P. Rosin ANpD R. 
FEHLING.—By measuring the viscosity of the slags, the 
range of temperature of the pasty state to be avoided in 
practice may be limited. The temperature of the start of 
the drop formation of the slag is important, since, when 
forming drops, the slag will endanger the grate surface. 
The measurements of viscosity will serve to determine in 
what case and to what extent the ashes may be removed 
mechanically in the dry state or in the form of liquid slags. 

E.WS. 

Ternary and quaternary systems alkali oxide-CaO- 

SiO.-CO,. Equilibria, reaction velocities, and their rela- 
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tien to the.glassmelting process: I. C. Krécer. Glastech. 
Ber., 15 [9] 335-46 (1937).—A critical review of the sub- 
ject is presented. 113 references. I (continued). Jbid., 
[10] 371-79.—Equilibria in the systems Li,O-SiO,-CO, 
and K,O0-SiO,—CO, are considered. J.F.H. 
Ternary system. M. Moray. Rev. Universelle Mines, 
1l, 141-52 (March, 1935).—M. gives a critical review of 
researches and experimental methods for the determination 
of the fusibility of slags with respect to the ternary system 
FeO-CaO-SiO, and the establishment of the ternary 
equilibrium diagram. He states that frequently, due to 
special economic conditions in each factory, a slag of im- 
perfect composition will have to be satisfactory. 33 refer- 
ences. E.W.S. 
Versatile nomograph for chemical engineering calcula- 
tions. E.L. McMuuen. Ind. Eng. Chem., 30 (1] 71-74 
(1938).—A nomographic chart is described which makes 
possible direct multiplication and division by numbers 
raised to any power. With this chart it is possible to solve 
directly a large variety of equations involving fractional 
exponents which are encountered in chemical engineering 
calculations, thus saving considerable time as contrasted 
to slide rule or logarithmic computations. Accuracy of 
computation with this chart has been found comparable 
to that obtained with the slide rule. A combination of a 
slide rule with a nomographic chart embodying the same 
principle is described. Illustrated. F.G.H. 
Volumetric determination of selenium. Critical study 
of the Norris and Fay method. W. C. CoLEMAN AND 
C.R.McCrosxy. Ind. Eng. Chem., Anal. Ed., 9 [9] 431-32 
(1937).—Using pure selenium as a primary standard, the 
accuracy of the Norris and Fay method was found to be 
between 1 and 2 parts per 1000. This titration can be car- 
ried out at room temperature if a small excess of thiosulfate 
solution is used. A rapid method for controlling this excess 
is described. This modification results in a considerable 
saving of time in the use of this method. For accuracy, 
only a small excess of thiosulfate solution should be used. 
Hydrobromic, sulfuric, perchloric, and hydrochloric acids 
can be used in the Norris and Fay procedure. F.G.H. 


PATENTS 


Alkali silicate. ‘‘MonTrecaTINi.” Soc. GEN. PER 
L’INDUSTRIA MINERARIA ED AGRICOLA. Fr. 811,621, April 
19, 1937; Chem. Abs., 32,736 (1938).—A solid alkali silicate 
which readily dissolves at ordinary temperature and pres- 
sure is made by dissolving ordinary soluble glass in water 
at raised temperature and evaporating the solution ob- 
tained. 

Alkaline earth metals. WiLHeLM Krovi. F:. 811,487, 
April 15, 1937; Chem. Abs., 32, 736 (1938).—Alkaline- 
earth metals, particularly Ba, are prepared by heating an 
alkaline earth, e.g., BaO, with V, Ni, Ta, Ce, or U or mix- 
tures thereof, under a high vacuum. The BaO may be 
partly replaced by BaS. 

Anhydrous water-soluble silicates and method of pre- 
paring. L. T. Howes, A. W. H. B. 
WituiaMs (Electric Smelting and Aluminum Co.). U. S. 
2,110,363, March 8, 1938 (Dec. 22, 1933). The method of 
preparing basic silicates of the anhydrous alkali metal sili- 
cate type comprises preparing a fused mass of such ma- 
terial containing from */, to 1'/2 mol. of alkali-metal oxide 
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to 1 mol. of silica and chilling the material by artificial 
means through its critical temperature range to a tem- 
perature below approximately 1000°F within a period of 
about 5 sec., thereby forming a substantially transparent 
solid product which is substantially free from opaque 
crystalline material relatively insoluble in an aqueous 
solution of the transparent product. 

Luminescent material. H. W. Leverenz (Radio Cor- 
poration of America). U. S. 2,110,161, March 8, 1938 
(Jan. 31, 1935). A metallic orthogermanate activated by 
rhenium which gives to the combination the characteristic 
of becoming luminescent upon being excited by “radiant 
energy.” 

Luminescent material. H. W. LEvERENz (Radio Cor- 
poration of America). U.S. 2,110,162, March 8, 1938 
(Jan. 31, 1935). A metallic orthogermanate activated by 
a metal of the second subgroup of the first vertical column 
of the periodic system which gives to the combination the 
characteristic of becoming luminescent upon being excited 
by irradiations of ‘‘radiant energy.” 

Method of preparing TiO.. R. H. Monk anp A. S. 
Ross (American Zinc, Lead & Smelting Co.). U. S. 
2,108,723, Feb. 15, 1938 (Nov. 11, 1935). In a process of 
preparing titanium dioxide, the steps comprise forming an 
aqueous and approximately neutral dispersion of a protec- 
tive colloid and a salt relatively insoluble in water but 
completely soluble in the aqueous medium resulting from 
hydrolysis and then adding a concentrated titanium salt 
solution thereto. 

Preparation of a zirconium oxycarbide and silicon car- 
bide. C. J. Knvzre anv D. S. Hake (Titanium Alloy Mfg. 
Co.). U.S. 2,110,733, March 8, 1938 (March 1, 1934). (5) 
The method of converting zircon, containing compounds 
of iron and titanium as impurities, mixed with carbon- 
containing material into a zirconium compound essentially 
free of silicon, titanium, and iron but mixed with silicon 
carbide, comprises heating, without fusion but with sub- 
stantial decomposition, the charge enveloped in a carbon- 
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aceous insulating mix in an electric resistance furnace to 
form a dark-colored powdered zirconium compound con- 
tabaing a relatively small amount of the silicon carbide. 
(7) A zirconium compound containing zirconium, carbon, 
ami oxygen and probably having the structural formula 
ZrO-C) obtained by high-temperature decomposition 
without fusion of zircon, containing compounds of iron 
and titanium as impurities, mixed with a carbonaceous 
material, the compound being characterized as an opaque 
black powder of particle size from 0.005 to 0.03 mm., 
substantially free of silicon and iron, and with less than 
1/, of 1% of titanium as an impurity. 

Process of separating beryllium compounds from alumi- 
num compounds. C. E. Wurre anp P. A. Parent. U. S. 
2,110,010, March 1, 1938 (June 18, 1937). The process of 
separating aluminum from beryllium in acid solutions of 
the two comprises precipitating substantially all of the 
aluminum by the addition of sodium hexametaphosphate. 

Sodium silicate adhesives. A. S. Weycanpr (E. I. du 
Pont de Nemours & Co.). U. S. 2,111,131, March 15, 
1938 (Feb. 29, 1936). 

Treatment of alumina-magnesia-chromite ore. A. E. 
Greene. U. S. 2,110,573, March 8, 1938 (June 8, 1936). 
The method of treating chromite containing substantial 
percentages of alumina and magnesia to separate the latter 
in substantially pure and unadulterated condition and to 
recover the chromium as an iron alloy consists in preparing 
a charge of the ground chromite-alumina-magnesia ma- 
terial together with carbonaceous reducing agent in suffi- 
cient amount to reduce substantially all of the chromium 
and iron oxides present, the carbonaceous material being 
substantially free from any agent which would materially 
lower the melting point of the unreduced remaining 
alumina-magnesia, reducing this charge in an arc chamber 
and causing fusion of the reduced metal and of the alumina- 
magnesia by means of the arc heat, cooling the charge, 
and separating the metal and alumina-magnesia products 
from one another. 


General 


Ceramic industry of West-Steirmark. F. Scuwarz. 
Sprechsaal, 70 (40) 505-507; [41] 515-17 (1937).—The 
region of West-Steirmark, in the south of Austria, is well 
suited for the development of the stoneware, whiteware, 
and ceramic building materials industries. It has rich 
deposits of various high-grade raw materials, coal, and 
water power. The deposits of raw materials are described. 

M.V.C. 

Dangerous dust and fumes—<ause of industrial diseases. 
F. M. R. Butmer. Can. Machinery, 48, 27-29 (1937); 
Chem. Abs., 31, 7142 (1937).—On the basis of the hazards 
involved, four classes are discussed. The so-called harm- 
less dusts contain no silica. In heavy concentrations they 
cause irritation of the nose and throat and swelling of the 
lining of these and adjacent organs. Limestone is an ex- 
ample. Skin-irritating substances include acid and alkali 
fumes, dusts of Cr compounds, and certain Pb compounds, 
particularly tetra-ethyl lead. Definitely poisonous sub- 
stances include Pb, As, and Cd dust. Skin trouble and 
erosion of the nose partition may be caused by As. Even 
minute quantities of Cd are very dangerous. Dusts pro- 


ducing scarring of the lungs (fibrosis) are usually those 
containing silica. Particles of 1 to 10 microns are most 
effective in producing silicosis which, if advanced, often 
develops into tuberculosis. 

Financial statements calculated for short periods in 
hollow glass factories. H.Orren. Glastech. Ber., 15 [8] 
308-13 (1937). J.F.H. 

Fine-dust filter—the problem and its solution. OG. 
Srampe, K. Grosskopr, AND K. F. MOLLERING. Draeger- 
Hefte, No. 191, pp. 3571-82 (1937); Chem. Abs., 31, 7701 
(1937).—The occurrence, characteristics, and danger of 
fine dusts are discussed. Fine dusts are defined as dusts 
composed of particles less than 1 micron in diameter. 
Coarse dust is composed of particles between 1 and 3 
microns in diameter. Several methods for the determina- 
tion of particle size are described. Coarse dusts are easily 
caught by a filter of cotton or other fibers. Fine dusts 
require a specially constructed filter, such as that con- 
structed by the Draeger Co., which has been thoroughly 
tested against several types of fine dust. It is designated 
“fine dust filter df 90."’ It has a prefilter of loosely pressed 
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fibers and an accordion filter of specially prepared filter 
paper. This filter has an efficiency factor of 99.85% when 
tested against fine stone dust and silica dust. Numerous 
photomicrographs of dust collected from air before and 
after passing through this filter are shown. Several photo- 
graphs of the filter and its construction and of apparatus 
used in measuring particle diameter are also given. Ex- 
cellent checks are obtained by several different methods of 
measurement. 

Germ invasions in houses fought by means of vitrified 
and enameled ceramic products. F.CHALAMEL. Céram- 
ique, 41 [598] 1-9 (1938).—On the basis of experiments, C. 
found that vitrified ceramic linings or enameled coats 
present considerable advantages in fighting germs. The 
importance of the composition of floors and materials used 
for walls on the development and propagation of germs 
was studied. One of the most important factors is the 
easy condensation of humidity as water drops on cold 
walls coated with ceramic products. M.V.C. 

Health hazard of a group of workers exposed to alumina 
dust. CHaRLEs L. SUTHERLAND, A. MEIKLEJOHN, AND 
F. N. R. Price. Jour. Ind. Hyg. & Toxicol.,19, 312-19 
(1937); see “Silicosis risks—,’’ Ceram. Abs., 17 [2] 89 
(1938). E.J.V. 

Present status of ceramic engineering curricula. Re- 
port of Curricula Committee of the Association of Ceramic 
Educators. M. E. Hoimes, Chairman. Bull. Amer. 
Ceram. Soc., 17 (3) 135-40 (1938). 

Prevention of silicosis by metallic aluminum. ANoNn. 
Aluminium, 20 [1] 47 (1938).—Laboratory experiments 
with guinea pigs resulted in the conclusion that the addition 
of Al powder to quartz powder (SiO,) prevents the dissolv- 
ing of dangerous amounts of SiO, in the lung tissues, 
thus causing silicosis. A practical method for the use of 
the discovery has not been found; naturally, inhalation 
of Al powder can be no practical solution. See “‘Alumi- 
num—,’’ Ceram. Abs., 17 [1] 46 (1938). M.H. 

Report of Committee on Ceramic Education. A. F. 
GREAVES-WALKER, Chairman. Bull. Amer. Ceram. Soc., 
17 [3] 140-41 (1938). 
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Vol. 17, No. 5 


Report of Committee on Standards. J. W. Wurrrs- 
more Chairman. Bull. Amer. Ceram. Soc., 17 [3] 141-45 
(1938). 


BOOK 


A.S.T.M. Tentative Standards, 1937. Published by 
the American Society for Testing Materials, Philadelphia, 
Pa. 1629 pp. Price to nonmembers $7.00 paper cover, 
$8.00 cloth cover. In this edition are 293 tentative speci- 
fications of which 37 apply to cementitious, ceramic, con- 
crete, and masonry materials. R. A. HEINnDL 


NEW JOURNAL 


National Physical Laboratory Abstracts of Papers 
Published in 1936. Department of Scientific and Indus- 
trial Research. H. M. Stationery Office, London, 1937. 
65 pp. Price 1s. Official papers from the National 
Physical Laboratory published in various scientific and 
technical journals as well as by H. M. Stationery Office 
are abstracted. The Abstracts supplement the Annual 
Report and supersede the Collected Researches of the 
Laboratory. The Abstracts will be published annually. 

L. R. BARRETT 


PATENTS 


Ceramic materials. GEWERKSCHAFT KERAMCHEMIE- 
BERGGARTEN. Fr. 813,939, June 11, 1937; Chem. Abs., 32, 
1065 (1938).—Ceramic materials prepared by a wet 
method but not liquid are degassed by the application of 
reduced pressure and heating to the boiling point of the 
liquid used. The density of the material is increased by 
the application of increased air pressure immediately after 
the degassing. 

Connection between ceramic bodies and metals. R. 
SCHARFNAGEL. Brit. 479,084, Feb. 9, 1938 (July 25, 1935). 

Porous ceramic bodies. ‘‘NacysATony-UZLAKER” 
VEREINIGTE INDUSTRIEWERKE A.-G. Swiss 191,187, Aug. 
16, 1937; Cl. 8b.; Chem. Abs., 32, 1065 (1938).—Highly 
porous bodies are made by molding a mixture of k esel- 
guhr, slaked |‘me, water, and water-glass solution. 
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GRADUATES OF COLLEGES 
AND SCHOOL OF 
PRACTICAL EXPERIENCE 


With Class Room Days over and 
Compulsory Technical Reading at an End 


Your Education is Only Beginning 


The American Ceramic Society provides educational 
opportunities in ceramics by 


(1) Meetings 

(2) The Journal of the American Ceramic Society 
(3) Ceramic Abstracts 

(4) The Bulletin 

(5) Bibliographies 


yout employer that yout studies 
being continued through this means 


THE AMERICAN CERAMIC SOCIETY 
2525 NORTH HIGH STREET COLUMBUS, OHIO 


Advertise 
in 
The Bulletin 


It Goes to 2468 Subseribers 


Number of Insertions 


1 month 3 months 6 months 12 months 
Full page $66.00 $60.00 $52.00 $44.00 
Half page 36.00 33.00 30.00 | 26.00 
Quarter page 20.00 18.00 16.50 15.00 
Eighth page 10.75 9.90 9.00 8.25 


Classified advertisements: 35 words for $1.10 per insertion 
Cover positions: list plus 25% 
First page preceding or following reading matter: list plus 20% 
Color rates: on application 


Reading notices not accepted 
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Your Codperation Through 


The American Ceramic Society 


To live and advance, one must 
mingle with and seek cooperation 
with men of similar vocations and 
avocations. 


There must be an organized, or- 
derly, and democratic program of 
cooperation. 


Such an agency must have such 
working tools as meetings and pub- 
lications. 


For FORTY years, the American 
Ceramic Society has been the formal 
means of cooperation by those inter- 
ested in promoting ceramic arts, 
science, and technology. Procedures 
and policies have been re-adapted to 
meet the ever-changing economic 
conditions and the ever-growing fund 
of ceramic knowledge. 


Your profits will increase as the 
strength of your American Ceramic 
Society increases through Meeting 
programs and Membership support. 


American Ceramic Society 


2525 North High Street 
Columbus, Ohio 
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